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Abstract

The incidence of esophagogastric junction (EGJ]) adenocarcinoma is increasing in
developed nations due to the rising prevalence of obesity and gastroesophageal
reflux disease. Due to the peculiar location in a histological transition zone
between the esophagus and the stomach, the management of EGJ tumors is
controversial. Two main surgical approaches exist: total gastrectomy with distal
esophagectomy or esophagectomy by either transhiatal or transthoracic approach.
These operations differ significantly in the extent of lymphadenectomy. In
addition, patients with locally advanced disease can receive either preoperative
chemoradiation or perioperative chemotherapy. This evidence-based review
analyzes current evidence regarding the management of EGJ tumors in order to
help defining the best surgical and systemic treatment of these patients.

Key Words: Esophagogastric junction tumors; Esophagectomy; Gastrectomy; Esophageal
adenocarcinoma; Chemotherapy; Chemoradiation

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Management of patients with esophagogastric junction tumors is challenging.
Several surgical approaches and systemic therapies are currently available to treat these
patients. This evidence-based review will help determining the optimal treatment for
this complex disease.
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INTRODUCTION

Adenocarcinoma of the esophagogastric junction (EGJ) remains a major global health problem
associated with poor prognosis[1]. The majority of patients are diagnosed at an advanced stage, and
only half of the patients undergo curative treatment[2]. EGJ tumors arise in the histological transition
area between the esophagus and the stomach. This zone is vulnerable to gastric acid reflux and
consequently has an increased risk of malignant transformation[3]. The incidence of EGJ tumors vary
among countries, but it has been increasing in the past years due to the rising prevalence of obesity and
gastroesophageal reflux disease in developed nations[4,5].

Siewert described three types of EG] tumors based on the relationship of the epicenter of the tumor
and the endoscopic location of the Z line (i.e., squamocolumnar junction): type I (distal esophageal
tumors) when the epicenter is 1-5 cm above Z line, type II (true EGJ tumors) from 1 over to 2 cm below
the Z line, and type III (subcardial tumors) when the epicenter is 2-5 cm distal to the Z line[6]. The Nishi
classification is also based on where the center of the tumor is located; there are 5 types depending on
the relative extent of the esophageal or gastric involvement (E, EG, E=G, GE, and G) and true EGJ
tumors are represented by EG, E=G or GE[7].

Both Siewert and Nishi classifications describe the location of the center of the lesion, but do not
consider the proximal or distal extent of the tumor, which is more relevant to guide the extent of
surgical resection. In addition, the lymphatic drainage of EG]J cancers is variable. Specifically, type II
tumors can metastasize to either paraoesophageal nodes in the lower mediastinum or upper abdominal
lymph nodes[8].

Two main surgical approaches for EGJ tumors exist: total gastrectomy with distal esophagectomy and
esophagectomy by either transhiatal or transthoracic approach[9,10].

Both operations allow for adequate dissection of para-celiac and para-aortic lymph nodes. However,
better mediastinal lymph node dissection and larger proximal resection margins can be achieved with
an esophagectomy|[11,12].

Some oncological and surgical principles that are well-established for esophageal and gastric tumors
cannot be simply applied to junctional cancers due to their specific location and pathological features.
The aim of this study was to review the available evidence in an attempt to determine the optimal
treatment for patients with EGJ tumors.

SURGICAL TREATMENT OF EGJ TUMORS

Esophagectomy remains the cornerstone of curative treatment of esophageal cancer. The goals of the
operation are to achieve a resection with clear margins, with an adequate lymphadenectomy, and with
acceptable morbidity and mortality rates in order to offer better long-term survival.

Surgical approach

RO resection remains one of the most important prognostic factors for survival irrespectively of the
tumor type or surgical approach. Consequently, technical considerations regarding proximal margin
should influence surgical strategy. Most experts base their surgical approach on Siewert classification,
recommending an esophagogastrectomy for type I tumors and a total gastrectomy for type III tumors.
However, the main debate arises for type II lesions: esophagectomy or gastrectomy?

Different approaches are proposed for true cardia tumors. Some authors support esophagectomy
because it allows an extensive mediastinal lymph node resection along with a longer proximal resection
margin that may decrease the likelihood of microscopically positive margins. On the other hand, a total
gastrectomy with distal esophagectomy may be preferred because it avoids entering the chest, and an
adequate abdominal lymph node dissection can be achieved (potentially the most important nodes in
these patients).

Esophagectomy and gastrectomy are significantly different in terms of invasiveness, type of
reconstruction, and, more importantly, extent of gastric and esophageal resection. After analyzing 1002
consecutive patients undergoing surgery for EGJ cancers, Siewert ef al[13] concluded that in patients
with type II EG] tumors an esophagectomy offers no advantage over an extended gastrectomy if a
complete tumor resection can be achieved. No differences were observed in RO resection rates or
number of lymph nodes removed. In addition, esophagectomy was associated with higher 30-d
mortality when compared with total gastrectomy[13].
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Barbour et al[11] evaluated whether the length of esophageal resection or the operative approach
influences the outcomes in patients with EGJ tumors. They analyzed 153 patients undergoing
gastrectomy and 352 esophagectomy. No differences were found regarding lymph nodes harvested, RO
resection rates, or mortality between groups. Gastrectomy was indeed associated with shorter proximal
margins than those undergoing esophagectomy for each Siewert type. Improved outcomes were seen
with an esophageal margin > 3.8 cm. The authors concluded that if an adequate proximal margin is
achieved, the operative approach might not modify overall survival[11]. Another study, which included
266 patients with surgically resected type II EGJ tumors, found that gastrectomy was more frequently
associated with a positive circumferential resection margin than esophagectomy (29% vs 11%; P = 0.025)
[14]. Considering how critical is to achieve adequate proximal margins in these patients, we strongly
believe that a gastrectomy should only be considered if a large proximal margin is feasible.

Another matter of debate are the morbidity and mortality rates associated with the different surgical
approaches proposed for EGJ tumors. A previous study compared patients undergoing thoracoab-
dominal esophagectomy (1 = 56) with transhiatal extended gastrectomy (n = 186); this study did not
find significant differences regarding perioperative morbidity, anastomotic leak rates, pulmonary
complications, or mortality[15]. Another study analyzed two large databases, including 4996 patients
with type II EGJ tumors, which found similar major postoperative morbidity (34% vs 33%; P = 0.84) and
30-d mortality (1.9% vs 3.4%; P = 0.24) with the esophageal and gastric approach. In addition, the
surgical approach was not an independent predictor of overall survival[16]. These findings were
supported by other authors[17-19]. Nevertheless, postoperative morbidity after an esophagectomy
remains high[20]. In an effort to decrease morbidity, minimally invasive esophagectomy (MIE) has been
widely adopted in the last decades[21]. For instance, the TIME trial was the first randomized trial
comparing patients undergoing MIE or open esophagectomy and showed that postoperative pulmonary
infections rates significantly decrease after MIE. Also, shorter length of stay and better quality of life
were achieved in the MIE group[22].

Lymphadenectomy

Lymph node metastasis is another critical prognostic factor in patients with esophageal adenocar-
cinoma. Therefore, another major goal of the operation is to perform an adequate lymphadenectomy. As
an increased number of metastatic lymph nodes is predictive of poor survival, an extensive lymphaden-
ectomy is recommended by the American Joint Committee on Cancer in order to achieve accurate N
staging[23]. However, whether extensive lymphadenectomy can improve overall survival because of
better control of locoregional disease or better staging remains unclear. In addition, an extensive
lymphadenectomy may potentially increase surgical morbidity.

Many studies have tried to determine how many nodes should be removed in patients with EGJ
tumors for achieving optimal oncological outcomes[24-27]. For instance, Samson et al[26] found that
sampling 15 or more lymph nodes was independently associated with lower overall mortality.
Moreover, overall survival was improved when more than 20-25 lymph nodes were sampled even in
patients with negative nodes, probably due to an increased staging accuracy[26]. This finding was also
supported by other authors[25,28]. Greenstein et al[29] found that in patients with T2/T3 tumors, better
survival rates were observed when more than 10 lymph nodes retrieved, and for T1 tumors, more than
18 lymph nodes were needed for superior survival rates. A recent study recommends the removal of at
least 15 lymph nodes in both primary surgery and after induction therapy[24]. Sihag et al[28] analyzed
778 patients with locally advanced esophageal adenocarcinoma and found that overall and disease-free
survival improved when harvesting up to 20-25 lymph nodes. A lower number of lymph node resection
was independently associated with worse overall and disease-free survival[28].

Overall nodal metastasis rate in EGJ tumors varies among the literature between 40% and 80%[30-
32]. The EG]J has two main lymphatic drainage pathways: abdominal and mediastinal. Mediastinal
lymph nodes involvement varies between 15%-45% in the literature[31,32]. Siewert et al[13] evaluated
the pattern of lymphatic spread specifically in type II EG] cancers and showed that almost 70% of the
tumors spread towards paracardial, lesser curvature, and left gastric artery nodes while only 15%
towards lymphatic nodes in lower posterior mediastinum. However, as all patients underwent a
gastrectomy, upper mediastinal nodes were not evaluated in these patients.

Leers et al[30] analyzed patients with distal esophageal and EG] tumors undergoing an esopha-
gectomy with systematic mediastinal and upper abdominal lymphadenectomy. The authors found that
26% of the distal esophageal tumors and 25% of the EGJ] tumors had positive mediastinal nodes.
Moreover, in 9% and 8% of the patients, respectively, this location was the only site of nodal
involvement, concluding that mediastinal node dissection was essential in the surgical therapy for EGJ
tumors[30].

Yamashita et al[33] recently showed that nodal metastasis in EGJ tumors more frequently involve
abdominal nodes, especially those at the right and left cardia, lesser curvature, and along the left gastric
artery.

A recent study showed higher incidence of metastasis or recurrence in the upper and middle
mediastinal zones when the esophageal invasion length was more than 25 mm[34]. These findings were
supported by a Japanese prospective study that included 363 patients undergoing either gastrectomy by
a transhiatal approach or distal esophagectomy by a right transthoracic approach. The authors
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concluded that upper and lower mediastinal station dissections should be performed in cases of more
than 4 cm or 2 cm of esophageal involvement, respectively[35]. Conversely, routine dissection of lymph
nodes at the lesser curvature and along the left gastric artery for any EGJ tumor was recommended.

A randomized trial was conducted to compare extended transthoracic resection with limited
transhiatal resection for Siewert type I and II. Although a higher number of lymph nodes were
harvested through the transthoracic approach (31 vs 16), the 5-year survival was similar between groups
(34% ©vs 36%). A subgroup analysis was also performed for type I tumors, and a survival benefit of 14 %
was achieved with the transthoracic approach (51% vs 37%). The authors concluded that in type I
tumors the transthoracic approach might have survival advantages, especially in those with 1 to 8
positive nodes in the resection specimen[36]. Parry et al[14] also showed that a better mediastinal lymph
node resection was achieved with an esophagectomy, and these results were supported by other authors
[11,37,38].

Advanced techniques to optimize intraoperative lymphadenectomy have been developed in the last
decades. For instance, the indocyanine green (ICG) fluorescence imaging for the evaluation of lymph
node involvement has increasingly been used, and it might help guiding lymphadenectomy. The goal of
this technology is to sample specific tumor-associated lymph nodes and increase pathological
evaluation of more likely affected nodes. A targeted lymphadenectomy might provide more accurate
and relevant prognostic information and may potentially decrease operative time and reduce
postoperative complications. For instance, a previous study evaluated the lymphatic drainage pattern in
patients with distal esophageal or EG]J cancer and found that in 89% of the cases, the first nodal station
was along the left gastric artery. Interestingly, all patients with nodal involvement had positive nodes in
the first nodal station identified with ICG[39]. Therefore, histopathological examination of the first
nodal station might avoid unnecessary extensive lymphadenectomy. Further studies are needed to
determine how fluorescence imaging can guide lymphadenectomy during an esophagectomy.

Expert commentary
Current evidence shows that surgical resection of an EGJ tumor can be achieved by either an
esophagectomy or gastrectomy.

Type I tumors should probably be resected with an esophagectomy due to the higher risk of
mediastinal lymph nodes involvement and the impossibility to achieve adequate margins with a
gastrectomy. Type III tumors are adequately treated with a gastrectomy and abdominal lymphaden-
ectomy.

Conflicting data exist regarding the optimal approach and the extent of lymphadenectomy for type II
tumors. Although both approaches have shown similar oncological and clinical outcomes in these
patients, we prefer an esophagectomy in order to obtain safe proximal margins and achieve adequate
mediastinal lymphadenectomy.

Overall, tumor extension, lymph node involvement in preoperative imaging, patient’s comorbidities
and frailty, and experience of the surgical team should all be considered when deciding the surgical
approach.

Table 1 describes potential advantages and disadvantages of the “esophageal” and “gastric”
approach for the treatment of EGJ tumors.

NEOADJUVANT THERAPY

The optimal systemic therapy for EGJ tumor is also a debatable topic. It is clear that neoadjuvant
therapy is required for locally advanced EGJ tumors to increase overall survival[40]. For this purpose,
neoadjuvant chemoradiation and perioperative chemotherapy are both valid treatment modalities.
However, which is the best approach for patients with EG] tumors remains controversial.

Neoadjuvant chemoradiation

In 2012, the benefits of neoadjuvant therapy in patients with esophageal cancer were revealed by the
results of the CROSS trial. This study randomized patients with esophageal or esophagogastric junction
tumors to surgery alone (n = 188) or preoperative chemoradiotherapy (carboplatin and paclitaxel +
concurrent radiotherapy) followed by surgery (n = 178). Patients receiving preoperative chemoradio-
therapy had higher rates of RO resections (92% vs 69%; P < 0.001) and better overall survival (49.4 mo vs
24 mo). In addition, 29% of the patients with chemoradiotherapy had complete pathological response
[40]. The long-term results of the trial confirmed the benefits of neoadjuvant chemoradiotherapy. It is
worth to mention, however, that patients with squamous cell carcinoma (ESCC) (23% of the included
patients in the trial) had greater overall survival benefit than patients with adenocarcinoma[41].

Perioperative chemotherapy

In 2006, the MAGIC trial evaluated the role of perioperative chemotherapy for patients with gastric and
EG]J tumors, comparing those receiving 3 cycles of Epirubicin - Cisplatin - Fluorouracil (ECF) before and
after the operation against those undergoing surgery alone. The study showed significantly improved
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Table 1 Potential advantages (+) and disadvantages (-) of total gastrectomy and esophagectomy for the treatment of esophagogastric

junction tumors

Gastrectomy

Esophagectomy

+ Only abdominal approach, avoiding thoracotomy/thoracoscopic associated morbidity =+ Better proximal and circumferential resection margins

+ Adequate abdominal lymph node dissection + Extensive mediastinal lymph node dissection
+ No GERD/No PPI + Preservation of % of stomach

- Inadequate mediastinal lymph node dissection - Abdominal and thoracic approach

- Shorter proximal margins - Hiatal herniation risk

- Vitamin B12 malabsorption - Gastroesophageal reflux (necessity of PPI)

- Dumping - Pylorospasm

GERD: Gastroesophageal reflux disease; PPI: Proton pump inhibitor.

Jaishideng®

overall and progression-free survival in patients receiving chemotherapy[42]. Two things, however,
should be highlighted: only 11% of the patients had EGJ adenocarcinoma, and only 42% were able to
complete the full six-cycle regimen.

In 2011, the ACCORD-07 trial compared patients receiving 2 or 3 cycles of cisplatin and fluorouracil
before and after surgery with patients undergoing surgery alone. In this study, 64% of the patients had
EG]J tumors. The trial showed better overall survival (38% vs 24%), 5-year disease-free survival (34% vs
19%), and higher rates of RO resections in patients receiving perioperative chemotherapy[43].

In 2019, the FLOT trial (fluorouracil, leucovorin, oxaliplatin, and docetaxel) compared the use of
perioperative FLOT (n = 356) or ECF (n = 360) plus surgery in patients with locally advanced gastric and
EGJ tumors. The study demonstrated an overall survival benefit with the use of FLOT (50 vs 35 mo).
Remarkably, only 50% of the patients completed the entire perioperative FLOT treatment[44]. These
results have motivated the adoption of FLOT as the standard perioperative chemotherapy for patients
with EGJ tumors.

CROSS vs FLOT

Few studies have compared the efficacy of both approaches. A propensity score-matched analysis of
patients with esophageal and EG]J adenocarcinoma compared the outcomes of CROSS (n = 40) against
FLOT (n = 40). Patient receiving CROSS had higher rates of complete pathological response (97% vs
85%; P = 0.049) and higher rates of negative lymph node metastases (68% vs 40%; P = 0.014). However,
overall survival was similar in both groups[45]. A recent study using the National Cancer database
investigated whether preoperative chemoradiation offers an advantage over chemotherapy alone in
patients with lower esophageal or gastric cardia adenocarcinoma. The authors found that although
patients undergoing chemoradiation had higher rates of complete pathological response (2.7 times),
overall survival was similar with both treatment modalities[46]. Similar survival outcomes with CROSS
and FLOT were also seen in other studies[47-49].

Expert commentary

Current evidence is weak and scarce but shows that patients with locally advanced EGJ tumors have
similar survival with either preoperative chemoradiation or perioperative chemotherapy. We believe
that both location and burden of disease (i.e. ability to obtain RO resection) are key determinants.

For patients with Siewert type III tumors, perioperative chemotherapy is undoubtedly more
reasonable due to the multiple trials supporting this approach (i.e. MAGIC, ACCORD, and FLOT).
FLOT has shown to be the most effective regimen, and thereby should be chosen whenever possible.

Although for patients with Siewert type I and II the debate is still open, we think that avoiding the
morbidity of radiation (whenever possible) is a better strategy. Patients with squamous cell carcinoma
of the distal esophagus might still benefit from neoadjuvant chemoradiation. EGJ adenocarcinomas are
probably better treated with perioperative chemotherapy.

Future directions: Inmunotherapy

Overall survival of patients with locally advanced EGJ tumors remains low. Moreover, recurrence rates
after neoadjuvant chemoradiotherapy plus surgery are high, especially among patients who do not have
a pathological complete response[50-52]. Therefore, there is special interest in developing novel
treatment modalities to improve outcomes. Multiples targeted therapies and immunotherapies are
currently being investigated. Immunotherapy utilizes monoclonal antibodies directed against immune
checkpoints proteins (e.g., PD-1, PD-L1, CTLA-4). Multiples trials have shown clinical benefits with the
use of immunotherapy in patients with metastatic or recurrent esophageal cancer[53-56]. The
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KEYNOTE-590 study showed that adding pembrolizumab to cisplatin-fluoropyrimidine chemotherapy
improved overall survival in patients with ESCC[53]. The ATTRACTION-3 trial, which included
patients who had a previously treated advanced gastroesophageal cancer, showed a 2.5-mo difference in
median overall survival in favor of nivolumab in comparison with chemotherapy[54]. The
ATTRACTION-4 trial, on the other hand, did not show overall survival benefit, despite improvements
in progression-free survival[55]. Recently, the Checkmate-577 phase III trial was conducted to compare
postoperative nivolumab monotherapy against placebo in patients with locally advanced tumors who
underwent resection and did not achieve complete pathologic response. Nivolumab monotherapy
improved significantly disease-free survival in compared with placebo (median disease-free survival:
22.4 mo vs 11.0 mo; P = 0.0003). Interestingly, in the subgroup analysis according to histopathological
type, the median disease-free survival period of patients with ESCC treated with nivolumab was better
than for EAC patients. Despite this encouraging data, the trial was discontinued because of adverse
events[56]. The trials PALACE-1 and PERFECT have also investigated the use of neoadjuvant chemora-
diotherapy combined with immunotherapy in an effort to achieve higher rates of complete pathologic
response[57,58]. However, phase 3 trials evaluating immunotherapy as neoadjuvant therapy are still
warranted.

Overall, although immunotherapy has shown promising results, additional studies are needed to
define safety and efficacy of this novel treatment modality.

CONCLUSION

Management of patients with EGJ tumors is challenging. Several surgical approaches and systemic
therapies are currently available to treat these patients. Appropriate surgical margins and adequate
lymphadenectomy should be the main goals of surgical treatment. Patients with locally advanced
disease should also receive preoperative chemoradiation or perioperative chemotherapy. Tumor size
and extension, nodal involvement in preoperative imaging and patient’s comorbidities should all be
considered for choosing the optimal treatment in these patients.
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Abstract

Adult stem cells are necessary for self-renewal tissues and regeneration after
damage. Especially in the intestine, which self-renews every few days, they play a
key role in tissue homeostasis. Therefore, complex regulatory mechanisms are
needed to prevent hyperproliferation, which can lead in the worst case to carcino-
genesis or under-activation of stem cells, which can result in dysfunctional
epithelial. One main regulatory signaling pathway is the Wnt/ -catenin signaling
pathway. It is a highly conserved pathway, with B-catenin, a transcription factor,
as target protein. Translocation of B-catenin from cytoplasm to nucleus activates
the transcription of numerous genes involved in regulating stem cell pluripo-
tency, proliferation, cell differentiation and regulation of cell death. This review
presents a brief overview of the Wnt/B-catenin signaling pathway, the regulatory
mechanism of this pathway and its role in intestinal homeostasis. Additionally,
this review highlights the molecular mechanisms and the histomorphological
features of Wnt hyperactivation. Furthermore, the central role of the Wnt
signaling pathway in intestinal carcinogenesis as well as its clinical relevance in
colorectal carcinoma are discussed.

Key Words: Wnt signaling; Beta-catenin; Intestine; Colorectal cancer; Cell signaling;
Intestinal stem cells
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Core Tip: Wnt signaling pathway is a key regulator of intestinal stem cells. Mutations in this pathway are
frequently found in adenomas and carcinomas of the colorectum. Therefore, it represents a potential target
for anticancer therapy. This review sums up the physiological role and the regulatory mechanism of Wnt
signaling in the human intestine, and moreover, discusses the central role of the Wnt signaling pathway in
intestinal carcinogenesis, the morphological features associated with Wnt hyperactivation and clinical
relevance of Wnt in the colorectal carcinoma.
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INTRODUCTION

The gastrointestinal epithelia are tissues that self-renew every few days. Therefore, pluripotent stem
cells are needed, which have the potential to develop into different epithelial cells. These highly
complex mechanisms need complex fine-tuning. An overactivation of pluripotent stem cells could lead
to hyperproliferation and in the worst case to cancer development. Conversely, under-activation could
lead to insufficient development of the epithelia with dysfunction of the epithelia. One main regulatory
signaling responsible for intestinal epithelial development is Wnt signaling.

Since 1976 it has been known that the Wingless (WNT) gene in Drosophila not only influences
development, but also provokes abnormalities of the mesothorax[1]. In recent decades, other genes of
the Wnt family have been found and the signaling pathways around Wnt in humans have also become
more and more clear. Today 19 WNT genes in humans are known and the Wnt pathway is known to
play a critical role in embryonic development and tissue homeostasis[2]. An imbalance in Wnt signaling
can lead to several diseases including carcinogenesis, neurodegenerative, metabolic and cardiovascular
diseases[3]. In addition to the canonical Wnt/B-catenin pathway, which is the main focus of this review,
there is also the noncanonical pathway and the noncanonical Wnt/calcium pathway[4].

This work focuses on the regulation and the role of the canonical Wnt/p-catenin signaling pathway in
physiological epithelial differentiation and the molecular activities of Wnt contributing to autonomous
hyperproliferation and injured cell death as hallmarks of carcinogenesis.

WNT/B-CATENIN SIGNALING PATHWAY

The most common Wnt pathway and evolutionarily conserved pathway is the canonical Wnt/p-catenin
signaling (Figure 1). It consists of the transmembrane complex (Lrp5/6 and Frizzled), a destruction
complex [Axin, Adenomatous polyposis coli (APC), glycogen synthase kinase-3 (GSK3), casein kinase 1
(CK1), protein phosphatase 2A (PP2A)] and B-catenin[5-7]. In the absence of the Wnt ligand, p-catenin is
phosphorylated by the kinases CK1 and GSK3[8]. The phosphorylation leads to the ubiquitination and
degradation of B-catenin. If Wnt binds to the transmembrane complex, the protein Disheveled is
activated and turns down the destruction complex, resulting in accumulation of B-catenin in the
cytoplasm[9,10]. Then, B-catenin is translocated into the nucleus and acts there as a transcription factor
together with P300, B-cell CLL/lymphoma 9, pygo and T-cell factor/lymphoid enhancer-binding factor
(TCF/LEF) as cofactors[11-13]. Moreover, there are inhibitors of this pathway like Dickkopf 1 (Dkk1),
which binds to Lrp5 and inhibits the binding of Wnt at the transmembrane complex[14,15].

The role of Wnt/p-catenin signaling in the development of the gastrointestinal tract becomes clear
when we look at the main genes which are regulated by the Wnt signaling pathway. Nuclear B-catenin
activates genes which code for proteins involved in important pathways as well as processes including
embryogenesis, proliferation, cell differentiation and the regulation of cell death (Table 1)[16-18].

THE NECESSITY OF WNT SIGNALING IN INTESTINAL MUCOSAL PHYSIOLOGY

In the intestinal tract, the canonical Wnt is an essential and fundamental molecular cascade to establish
and constitute the mucosal barrier. However, in the different segments of the intestinal tract, the Wnt
shows different cellular and molecular players as well as facets that are characteristic for each
compartment. Wnt signaling is required in all parts for stem cell renewal, while Wnt overactivation in
the stomach can lead to intestinal shift. Mutations in the Wnt ligands affect all parts of the intestine[19,
20]. These points are addressed further in the following paragraphs.
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Table 1 Selection of assumed target genes of B-catenin

Gene Function of the protein Ref.
ATOH1 Transcription factor, secretory cell line differentiation [137,138]
AXIN2 Part of destruction complex Wnt signaling [139]
BCL2 Antiapoptotic [140]
BIRC5 Apoptosis inhibitor [141]
BMP4 Possible Wnt inhibitor [142]
CCND1 Cell proliferation [143]
CDKN2A Cell cycle inhibitor [144]
CDX1 Transcription factor, intestinal cell differentiation [145]
CDX2 Transcription factor, intestinal cell differentiation [146]
DKK1/4 Inhibitor of Wnt signaling [147,148]
EPHB2/3 Migration and proliferation in intestine epithelial [149]
HD5/6 Defensine, microbial defense [150]
HEF1 Supports activation of oncogenic signaling pathways [151]
HES1 Regulation of Notch signaling [152]
JAG1 Ligand of Notch signaling [153]
JUN Cell cycle progression, apoptosis inhibitor [154,155]
LGR5 Part of Wnt signaling [156]
MDR1 Plasma membrane protein involved in the drug resistance [123,124]
MET Differentiation of intestinal epithelium [157]
MYC Protooncogene [158]
MYCBP Control of transcriptional activity of c-MYC [159]
NOTCH2 Notch receptor [160]
SGK1 Inhibits pro-apoptotic transcription factors [161]
SOX9 Paneth cell differentiation [32,162]
YAP Transcription factor (Hippo signaling) activates genes involved  [163]

in cell proliferation, suppresses apoptotic genes

ATOHI: Atonal BHLH transcription factor 1; BCL2: B-cell lymphoma 2 ; BIRC5: Baculoviral IAP repeat containing 5; BMP4: Bone morphogenetic protein 4;
CCND1: Cyclin D1; CDKN2A: Cyclin dependent kinase inhibitor 2A; CDX1: Caudal type homeobox 1; CDX2: Caudal type homeobox 2; DKK: Dickkopf;
EPHB2/3: EPH receptor B2/3; HD5/6: Human alpha defensin 5/6; HEF1: Human enhancer of filamentation 1; HES1: Hairy and enhancer of split-1; JAGI:
Jagged Canonical Notch Ligand 1; JUN: C-Jun N-terminal kinase; LGR5: Leucine-rich repeat-containing G-protein coupled receptor 5, MDR1: Multidrug-
Resistance-1; MET: Tyrosine-protein kinase Met; MYC: Myc proto-oncogene, bHLH transcription factor; MYCBP: MYC binding protein; NOTCH2: Notch
Receptor 2; SGK1: Serum/ glucocorticoid regulated kinase 1; SOX9: SRY-Box transcription factor 9; YAP: Yes-associated protein.
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Stomach

The stomach can be divided, based on its local glands, into two main parts: The corpus/fundus and the
antrum. The corpus and fundus contain oxyntic glands with chief cells, parietal cells and endocrine
cells, while the antrum glands mainly contain mucous and endocrine cells[21]. Wnt/B-catenin signaling
was required for the development of the embryonic fundus and in the B-catenin-deficient epithelium,
parietal cells were absent[22]. In the antrum glands, Lgr5" and Axin2" stem cells were found[23]. Both
proteins are regulated throughout Wnt signaling. Wnts are necessary for the maintenance of Lgr5* cells
and are necessary for the zymogenic cell line from Lgr5* cells[24]. Moreover, they suppress the differen-
tiation along the pit cell lineage. The Wnt ligands in the stomach will be secreted by pericyte-like
stromal cells[25]. These cells are conserved and exist in the colon as well as in the stomach. Besides,
activation of Wnt signaling in the stomach can lead to an intestinal fate in the stomach. Therefore, the
mesenchymal transcription factor Barx1 represses the Wnt signaling and inhibits an intestinal shift of
the stomach epithelium[26].
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Figure 1 Wnt signaling pathway. Activated Wnt signaling pathway: Wnt ligand binds to the transmembrane complex and activates Disheveled, which turns
down the destruction complex. B-catenin accumulates in the cytoplasm and translocates in the nucleus, where it acts with several cofactors as a transcription factor.
Inactivated Wnt signaling pathway: -catenin is phosphorylated by the destruction complex and gets degraded. Dkk1: Dickkopf 1; GSK-3: Glycogen synthase kinase-
3; APC: Adenomatous polyposis coli; PP2A: Protein phosphatase 2A; TCF/LEF: T-cell factor/lymphoid enhancer-binding factor; BCL9: B-cell lymphoma 9.
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Small intestine

The small intestine consists of finger-like villi with an absorptive function and crypts of Lieberkiihn
(Figure 2). In the crypts, two different populations of intestinal stem cells (ISC) are located[27]. At the
bottom of the crypts are columnar ISCs which express Lgr5, have a high division rate and are preferred
for the renewal of the intestinal epithelia[28]. These cells can be activated throughout Wnt. On the other
hand, there are quiescent ISCs that have a slow division rate, are less vulnerable to radiation and Wnt
signaling is not activated. These cells are located above the Paneth cells and are also called +4 cells[29].

The role of these cells has not been fully investigated yet. But in the absence of columnar ISCs, quiescent
ISCs can be activated and assume the tasks of columnar ISCs[30]. The localization of the subpopulation
of ISC in the crypt is controlled by the surrounding mesenchymal cells through bone morphogenetic
protein (BMP) signaling[27]. The regulation of the ISC occurs through Wnt3A which is secreted by
Paneth cells[31].

Paneth cells are located in the base of the crypt of the small intestine next to Lgr5* cells. Their differ-
entiation is induced by SOX9, a transcriptional target and a critical regulator of Wnt signaling[32]. In
contrast to other differentiated intestine cells, they do not migrate upwards to the top of the villus tip
and their lifetime is, at 30 d, much longer[33]. Their main role is to synthesize and secrete defensins,
anti-microbial peptides and trophic factors. Nevertheless, they seem to have an impact on crypt
homeostasis.

Above the Paneth cells and stem cells is the transit-amplifying zone. The progenitor cells of the differ-
entiated enterocytes are settled here, which can divide themselves two to five times[34,35]. All differen-
tiated cells with the exception of Paneth cells migrate from the crypts upwards to the villi. The main
parts of differentiated cells are enterocytes, which make up 80%-90% and have an absorptive function.
In addition to them, there are tuft cells, goblet cells, enteroendocrine cells and microfold cells that are
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Figure 2 Small intestinal crypt of Lieberkiihn with signaling pathway gradients. On the left sight histology of a small intestinal crypt (400 x
Hematoxylin eosin) and on the right a schematic drawing of a small intestinal crypt with intestinal stem cells (green), Paneth cells (red), goblet cells (light blue), tuft
cell (blue) and neuroendocrine cell (yellow). BMP: Bone morphogenetic protein.
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also termed M cells[35,36].

That Wnt signaling is essential for intestinal development has been already shown in the work of
Pinto et al[37]. Overexpression of the Wnt inhibitor Dkk1 leads to a loss of crypts and reduced epithelial
proliferation[37]. Furthermore, inhibition of Dkk leads to a reduced rate of fission of crypts in postnatal
growth[38]. A negative autoregulatory feedback loop of Wnt signaling prevents a hyperactivation of
Wnt signaling[28,39].

Colon

The colon has, in contrast to the small intestine, crypts, but no villi. The so-called colonocytes are
functionally equivalent to the enterocytes[35]. Like the small intestine, the colon epithelia renew
themselves through crypt-based columnar ISCs[35]. The work of Davies et al[40] revealed that Wnt
activity is lower in the colon than in the small intestine. This may be influenced by the fact that instead
of Paneth cells the colon epithelia have deep secretory cells with similar functions to Paneth cells, but in
contrast to Paneth cells, they do not secrete Wnt ligands[35,41]. Furthermore, in vitro studies show that
the reaction of Wnt-signaling activation also differs between the left and the right colon[42]. In
embryonic development, a Wnt3A gradient plays an important role in hindgut extension and colon
formation[43]. Like the small intestine, the colon epithelia include goblet cells, tuft cells and enteroen-
docrine cells[35].

THE COMPLEX REGULATION NETWORK OF WNT SIGNALING

As mentioned above, the Wnt signaling pathway is a highly conserved pathway and essential for
intestinal homeostasis. To preserve this homeostasis, precise fine-tuning is absolutely necessary. The
regulation of Wnt ligands occurs on different pathway levels. The mechanisms involved in this
regulation are explained below and summed up in Figure 3.
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Figure 3 Wnt signaling regulatory mechanisms in intestinal cell development. Wnt signaling balances intestinal development, morphogenesis and
regeneration due to a gradient of Wnt pathway activity in epithelial layers with major activated cells (red) and minor activated cells (yellow). In Wnt-driven
carcinogenesis, the gradient of Wnt pathway activity is lost and major activated, neoplastic cells (red) dominate. IncRNA: Long non-coding RNA; miRNAs:

MicroRNAs.
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Notch signaling pathway

Notch signaling is one of the most important signaling pathways in terms of adjacent cellular commun-
ication and regulation of gastrointestinal stem cells[44]. It plays a crucial role in determining whether a
cell develops into a secretory or an absorptive cell[44]. Deletion of NOTCH1 and NOTCH2 leads to
hyperplasia of secretory cells[45]. It is not surprising that Wnt and Notch signaling act closely together
and regulate each other[46,47]. The amount of Notch correlates here inversely with the amount of B-
catenin[48,49]. On the other hand, Disheveled, which is part of the Wnt signaling, inhibits Notch
signaling[50,51]. As Notch signaling requires cell-cell contact, Paneth cells are important for controlling
the Notch signaling of small ISC[52]. In conclusion, Notch signaling determines cell fate to absorptive
cell lines, while Wnt signaling drives cells to secretory cell lines[35,53].

Caudal-related homeobox transcription factor 2

Caudal-related homeobox transcription factor 2 (CDX2) is essential for human development. In the
gastrointestinal tract, it determines gastric and intestinal development[54]. In adult mice, the absence of
CDX2 leads to a cessation of intestinal differentiation[54]. In various works it has been shown that CDX2
activates Axin 2, which is part of the destruction complex in Wnt/ B-catenin signaling[55,56]. Yu et al[56]
showed in their work that CDX2 upregulates not only Axin 2 but also GSK-3p, which is also part of the
destruction complex. The absence of CDX2, which in colorectal cancer is directly correlated with a
higher tumor grade, leads to an activation of Wnt signaling[57].

BMPs

BMPs belong to the transforming growth factor- (TGF-p) family. They are produced by mesenchymal
cells especially at the tip of the villus and generate a contrary gradient with Wnt through the crypt-
villus axis[58]. At the crypt base, BMP signaling is repressed by BMP inhibitors like gremlin and
chordin-like 1 secreted by smooth muscle cells or myofibroblasts[59]. BMP represses ISC proliferation,
while the influence of BMP on Wnt signaling is the subject of controversial debate. The work of He et al
[60] postulates that BMP inhibits Wnt signaling, while the work of Qi et al[61] describes a direct
suppression of Lgr5* cells through BMP without changes in the Wnt target genes.
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Hippo signaling pathway

Hippo signaling is a highly conserved pathway and important for intestinal homeostasis and
regeneration. Inactivation of Hippo signaling leads to an activation of the transcription factor Yes-
associated protein 1 (YAP1), which has the highest activity at the bottom of the crypts[62]. YAP1 is an
oncogene that is a facultative regulator of stem cell homeostasis and an essential regulator for the
regeneration of the intestinal epithelial after injury[62]. Hippo and Wnt signaling are closely linked to
each other[63]. YAP1 increases the transcriptional activity of p-catenin, while active Hippo signaling
leads to the formation of the destruction complex of Wnt signaling[64,65].

Hepatocyte nuclear factor 4

Hepatocyte nuclear factor 4 (HNF4) is a transcription factor family that mainly regulates metabolism in
cells. Especially fatty acids have a high impact on ISC homeostasis[66]. Chen et al[67] show in in vitro
studies that HNF4a and HNF4y activate genes involved in fatty acid oxidation and that HNF4 is
necessary for stem cell renewal in the intestine. Studies about the interaction of HNF4 and Wnt are rare,
few studies indicate that HNF4 may regulate Wnt signaling. The study by Yao et al[68] demonstrated
that HNF4a is downregulated in human colon carcinoma and showed in in vitro experiments that
HNF4a suppresses Wnt/B-catenin signaling. These results coincide with the data shown in hepato-
cellular carcinomal[69].

Posttranslational modification of Wnt ligands

Wnt ligands need posttranslational modifications before they can activate Wnt signaling. In the
endoplasmic reticulum, Wnt ligands were glycosylated and lipidated[70]. These modifications are
essential for intracellular transport, secretion of Wnt ligands and signaling[71,72].

Wnt signaling could also be inhibited by posttranslational palmitoylation. Acyl-CoA synthetase 5
(ACSL5), a mitochondrial enzyme, activates long-chain fatty acids, while binding a thioester. ACSL5-
dependent palmitoylation of Wnt2p leads to an accumulation of Wnt2p in the mitochondrion and a
decrease in Wnt signaling activity[73].

Furthermore, the degradation of Wnt components by the proteasome can be regulated via ubiquit-
ination through ligases. For example a phosphor switch in the E3 ubiquitin ligase RNF43 leads to a lack
of degradation of Frizzled and therefore to Wnt activation[74]. The ligase RNF43 itself is inhibited by
receptor Lgr4[75]. Park et al[76] summed up the different regulation possibilities of Wnt signaling
throughout ubiquitination and deubiquitination. The ubiquitination is done by E3 Ligases while
deubiquitination is done by deubiquitinating enzymes. In Wnt signaling, every protein component is
targeted by ubiquitination or deubiquitination[76]. Therefore, it is an important regulator of Wnt
signaling.

Non-coding RNAs

Long non-coding RNAs are over 200 nt long non-coding RNA molecules. As reviewed in Zarkou et al
[77], they can act as a Wnt enhancer by transcriptional activation of genes coding for Wnt proteins or by
interaction with transcription factors regulating Wnt signaling.

MicroRNAs (miRNAs) are small 18-25 nt long non-coding RNA molecules and can bind on their
target messenger-RNA (mRNA) and suppress translation. Rahmani et al[78] summed up about 17
miRNAs that target mRNAs encoding for proteins of Wnt signaling. Here, they can act as an activator of
Wnt signaling by suppressing translation of mRNA encoding for the destruction complex or as a
suppressor of Wnt signaling, by inhibiting translation of mRNAs encoding for transmembrane complex
or B-catenin. Kim et al[79] examined the crosstalk between stress-driven ribosome dysfunction and Wnt
signaling. A proteinkinase R-activating ribosomal insult leads to changes in the Wnt and connective
tissue growth factor crosstalk, which leads to progression in cancer stemness.

Other pathways

Despite the above-described pathways, growing evidence demonstrates that other pathways including
the mitogen-activated protein kinase (MAPK) pathway, TGF-B signaling, and phosphoinositide 3-
kinase/protein kinase B (PI3K/AKT) pathways involved in cell proliferation and survival have an
influence on Wnt signaling[80]. It is reported that MAPK signaling regulates Wnt activity on stemness
phenotypes in colorectal carcinoma cells[80,81]. Moreover, it has been found that Wnt and TGF-p
pathways interact with each other to regulate genes participating in epithelial to mesenchymal
transition (EMT)[82]. Hu et al[83] depict that epidermal growth factor receptor mediated PI3K/AKT
activation enhances Wnt signaling activity through promoting p-catenin translocation, leading to
increased tumor cell invasiveness.

HYPERACTIVATION OF WNT SIGNALING DRIVES PATHOPHYSIOLOGY

In spite of these regulatory mechanisms, Wnt hyperactivation is not always avoidable. In this context,
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Figure 4 Colorectal carcinoma. A: Invasive growth and loss of polarity [100 x Hematoxylin eosin (HE)]; B: Cellular atypies (400 x HE); C: B-catenin staining
(100 x) membranous in normal epithelial, nuclear staining in dysplastic cells; D: B-catenin staining (400 x) with partly extensive accumulation of B-catenin in the
nucleus; E: Positive staining of c-myc (a target of B-catenin) in the dysplastic cells (100 x); F: Positive nuclear staining of c-myc (400 x).

controlled activation must be distinguished from autonomous activation. Controlled activation is
triggered by a stimulus outside the cell and determined through the presence of the stimulus, while
autonomous activation is mainly triggered through modifications of proteins involved in the pathway
and independently of the regulatory mechanism. The detailed mechanisms which lead to hyper-
activation of Wnt signaling and the histomorphological correlation will be discussed hereafter.

Molecular mechanisms resulting in Wnt hyperactivation

As mentioned above, Wnt signaling is a complex regulated signaling pathway and many possibilities
lead to hyperactivation of Wnt signaling in the intestine. Especially Wnt activation, while the loss of
APC gene is well-studied in vitro and in vivo. In Drosophila, APC loss induced intestinal tumorigenesis
[84]. A germline mutation in the APC gene with a loss-of-function mutation leads to familial
adenomatous polyposis, representing a hereditary disease characterized by hundreds of colorectal
adenomas[85]. But hyperactivation is not always accompanied by pathological tissue growth. In
intestinal epithelial after injury, Wnt is also hyperactivated and enables regeneration[86]. Nevertheless,
there is a fine line between Wnt activation for tissue regeneration and tissue hyperplasia. Ahmed et al
[87] show in mice that Wnt and Notch signaling balance transmissible murine colonic hyperplasia and
colitis induced by citrobacter rodentium. In the chronically inflamed intestine such as bowel disease, Wnt
signaling is activated[88]. These patients had an increased risk of developing dysplasia and colorectal
carcinoma[89]. Abnormal B-catenin expression was more closely linked to E-cadherin alterations in
inflammatory bowel disease-related cancers than in sporadic cancers suggesting that specific alterations
in this pathway may differ in these two cancer groups[90].

As long as Wnt signaling is controlled by other pathways, hyperproliferation of epithelial is
stoppable. Problematic is uncontrolled Wnt activation, which leads to a permanent-growth stimulus.
This could be caused by loss-of-function mutations in the genes encoding for the destruction complex.
As mentioned above, familial adenomatous polyposis is a good example of this. But growth stimulation
alone is not sufficient for carcinoma development. Fearon and Vogelstein generate the model of the
adenoma-carcinoma-sequence[91]. They postulate that stepwise genetic alterations in oncogenes and
tumor suppressor genes lead to hyperproliferative epithelial, low-grade and high-grade adenoma to
carcinoma development. Besides APC mutations, which are hypothesized as a key event in adenoma
development, gain-of-function mutations in KRAS and loss of functions in P16-INK4, TP53 and Smad4
are described in the model of multiple step carcinogenesis[92]. It is assumed that this model applies to
80% of colorectal carcinoma[93]. Nonetheless, not only APC mutations but also mutations in KRAS
influence Wnt/B-catenin signaling[84]. In cell culture, KRAS stabilizes B-catenin through inhibition of
GSK-3B, while others postulate that KRAS mutations activate Wnt signaling through DNA demethy-
lation[93,94]. Interestingly, APC mutation and Wnt activation is a common finding in colorectal cancer,
but not in carcinoma of the small intestine, even though Wnt activity in the small intestine is higher than
in the colon[40,95]. That suggests that in colorectal carcinogenesis the Wnt activation is not triggered by
a regulatory activation of Wnt signaling, but through an autonomous, uncontrolled activation of the
Wnt signaling pathway.
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In the stomach, bile acid reflux leads to an epigenetic downregulation of Dkk1, an inhibitor of Wnt
signaling[96]. The bile acid-induced downregulation of Dkk1 is correlated with gastric intestinal
metaplasia and might be triggered by Wnt activation. Other studies have demonstrated high expression
of DkKk1 in gastric carcinomas[97].

Morphological changes caused by mutations associated with Wnt activation

The genotypic changes in colorectal adenomas lead to phenotypic changes (Figure 4). Adenoma with
the classical adenoma-carcinoma-sequence often present macroscopically or endoscopically as polypoid
lesions, while tumors with CpG island hypermethylation and BRAF mutations often present as flat
mucosal lesions[92]. APC mutations are more often in adenomas with villous or tubulovillous
formation, which are reminiscent of small intestinal villi, but APC mutation is also found in tubular
adenomas which had elongated crypts[98]. Furthermore, Paneth cell metaplasia is also a common
finding in conventional adenoma, following the adenoma-carcinoma-sequence. Joo et al[99] examined
colonic epithelial neoplasms for Paneth cell metaplasia and Paneth cells were found in 38.5% of the
conventional adenoma. This Paneth cell metaplasia was always associated with positive nuclear p-
catenin staining[99]. The adenoma cells also show, depending on their grading, enlarged, hyper-
chromatic nuclei and loss of polarity and decreased numbers of goblet and absorptive cell lines[100]. In
conclusion, hyperactivation of Wnt in the colon shifts the phenotype to a small intestinal-like
phenotype.

As in the intestine, APC downregulation occurs in gastric adenomas[101]. In the stomach, the
downregulation of APC is mostly caused by hypermethylation of the APC promoter and might be
triggered by Helicobacter pylori infection[102]. Koushyar et al[103] summed up the parts of Wnt signaling
which are deregulated in gastric cancer. In gastric cancer organoids, Wnt inactivation leads to a shift
from morphological poorly carcinoma not other specified to signet-ring cell carcinoma[104].

CLINICAL RELEVANCE OF WNT ACTIVATION IN THE INTESTINE

Clinical relevance of Wnt activation in gastric cancer

In studies, Wnt signaling was upregulated in more than 80% of the examined gastric cancers and may
mark Lgr5 stem cells[105]. The detailed mechanism which leads to Wnt activation is similar to colorectal
cancer and is reviewed in detail by Chiurillo[106]. Mao et al[107] examined that Wnt1 overexpression
accelerated the growth of gastric cancer. Wnt/B-catenin signaling inhibitors suppress gastric tumor
growth in a mice model[108].

Clinical relevance of Wnt activation in the small intestine

Chen et al[109] showed cells of the Paneth cell lineage are present in intestinal adenomas. They secrete
Wnt 3 and a deletion of Paneth cells leads to reduced growth of adenomas in the small intestine in
APC™" mice. The authors concluded that Wnt3 is required for early tumorigenesis in the small bowel.

Clinical relevance of Wnt activation in colorectal cancer

In recent decades, the role of genetic aberration as a prognostic value has moved increasingly to the fore.
It is therefore evident that APC mutations, which occur in the majority of microsatellite stable colorectal
cancers, are examined to determine whether they had a prognostic value of colorectal cancer. Jorissen et
al[110] analyzed over seven hundred patients with sporadic colorectal cancer and found that wild-type
APC correlates with poor prognosis (5-year survival) in microsatellite stable proximal colon cancer. On
the other hand, some studies indicate that nuclear p-catenin promotes metastasis of colon cancer, which
usually display poor prognosis, by EMT[111,112].

As mentioned above, mutations that activate Wnt/p-catenin signaling are common genetic events in
colorectal cancer and usually occur in an early state of carcinogenesis. Therefore, Wnt inactivation is a
possible target for preventing tumor progression and as a potential treatment of colorectal cancer. 5-
aminosalicylic acid (5-ASA) is a well-established treatment against inflammatory bowel disease,
especially in ulcerative colitis. Therefore, it has not only anti-inflammatory but also anti-proliferative
effects[113]. Several cohort studies and case-control studies have demonstrated that 5-ASA treatment is
associated with a reduced colorectal cancer risk in patients with ulcerative colitis[114-116]. Therefore,
guidelines recommend 5-ASA treatment for ulcerative colitis patients also under the aspect of cancer
prevention. The anti-proliferative effect is forced by PP2A-dependent accumulation of nuclear p-catenin
[117]. Munding et al[118] examined the role of the chemopreventive effects of 5-ASA in vivo. After three
years, there were no significant differences regarding the progression of adenomas between the patients
treated with 5-ASA and the placebo group. But in the group treated with 5-ASA, a significant decrease
in nuclear p-catenin expression was found[118]. Further studies with a longer treatment time were
necessary because the development of carcinoma through the adenoma-carcinoma sequence takes about
ten to fifteen years[119]. Serafino et al[120] examined in their study the p-catenin expression and the
expression of the B-catenin regulated proteins c-Myc and Cyclin D1 in bowel disease and found elevated
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Table 2 Selection of potential target opportunities to inhibit Wnt/B-catenin signaling

Target Effect Ref.
Ligand-dependent Wnt signaling activation
Wnt ligands Wnt inhibitors [164]
Posttranslational modification [165]
Dkk1 Stabilization, increase of Dkk1 [128,166]
Transmembrane complex Inhibition of Lgr5/6 [167]
Inhibition of Frizzled [168,169]
Dishevelled Inhibition [170]
Ligand independent Wnt signaling activation
Destruction complex Stabilization of the destruction complex [171,172]
B-catenin Increase of degradation [130,131]
Inhibition of translocation to the nucleolus [173]
B-catenin cofactors [174]
Ribosome biogenesis [134]
Oncolytic viruses [132,133]

Dkk1: Dickkopf 1.

WJCO |
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expression levels of these proteins especially in low-grade and high-grade dysplasia. These results
emphasize the potential benefit of Wnt signaling inactivation as a predictive cancer therapy.

As reviewed by Zhu et al[121], Wnt activation has an impact on the resistance to chemotherapy in
colorectal adenocarcinoma. Hu et al[122] determined that Wnt activation through exosomal Wnt
secretion of fibroblasts leads to an increase in chemoresistance of cancer stem cells. Zhang ef al[123] also
identified the tumor microenvironment as a crucial factor in Wnt-induced chemoresistance. The
increased chemoresistance in Wnt upregulated cancers is not only caused by enhancing the expression
of antiapoptotic proteins, but also by enhancing the expression of multidrug resistance proteins[123,
124]. Zhong et al[125] summarized different studies where chemoresistance is associated with Wnt
activation in conventional radiochemotherapy, but also in targeted and immunotherapy. Wnt signaling
seems to have a big impact on the response to cancer therapy. Hence, the development of a personalized
therapy targeting components of the Wnt signaling pathway in treatment of cancer is required.

WNT/B-CATENIN SIGNALING AS A POTENTIAL TARGET IN THE PREVENTION AND
TREATMENT OF INTESTINAL CANCER

Application of Wnt inhibitors might be a possible therapeutic strategy to inactivate the Wnt pathway in
cancer, for example obviation of binding of Wnt to Frizzled, stabilization of Dkk or destruction complex,
inhibition of the transmembrane complex or Disheveled, application of p-catenin antagonist and
antagonist of B-catenin cofactors, efc. Different drugs targeting Wnt pathway are currently in clinical
trials, as reviewed in detail in Caspi et al[126]. Kleeman et al[127] postulate that there may be a
difference in the therapeutic approach in ligand-dependent and ligand-independent tumors. Therefore,
the localization of the mutation should be taken into account in the choice of Wnt signaling-targeting
therapy. Ligand-dependent tumors should be targeted to the ligands or the transmembrane complex. In
ligand-independent tumors, such as APC mutated tumors, targeting transmembrane complex is useless.
A therapeutic option in these tumors is increased degradation of B-catenin. This is achieved by a stabil-
ization of the destruction complex or directly by an increase of B-catenin degradation. One way to
stabilize the destruction complex is an increased polymerization of conductin/axin2[128]. In vitro it
represses the growth of colorectal cancer cells[128]. An opportunity to strengthen the degradation of p-
catenin is via the proteasome through binding of molecules, which induces proteolysis. Kessler et al[129]
examined potential binding sites of p-catenin proteolysis targeting chimeras (PROTACs). The first
PROTAC s are tested in mice and showed, in APC™/* mice, prevention and regression of colorectal
cancer[130]. The E3 Ligase, TRIM58 enhances B-catenin degradation in gastric cancer and is a potential
therapeutic target[131]. A different approach would be oncolytic viruses. In vitro and in a mice model,
the adenovirus CD55-Smad4 represses tumor proliferation in metastasis by, inter alia, suppression of
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Wnt signaling[132]. Adenoviruses that inhibit tumor growth by repressing the Wnt pathway have also
been developed for other carcinomas such as hepatocellular carcinoma[133]. Another possible
therapeutic approach in Wnt-activated tumors would be the inhibition of the ribosome biogenesis.
Raveux et al[134] show that ribosome biogenesis dysfunction alleviates Wnt-driven tumor initiation and
reduces cancer cell proliferation. In a study, kinase inhibitors in gastric cancer were screened for Wnt
pathway inhibition and 34 kinases inhibit Wnt signaling more than 50%[135]. Potential targets to inhibit
Wnt/B-catenin signaling are summarized in Table 2.

However, it must be noted that there could be a YAP/TAZ-dependent transcriptional reprogram-
ming which leads to a lineage reversion and a Wnt-independent tumor growth, which can lead to
failure of Wnt signaling inhibitors[136].

Development of therapeutic approaches by targeting Wnt signaling main players is challenging
though it brings new hope for the management of colorectal cancer in the future.

CONCLUSION

The Wnt/B-catenin signaling pathway is a highly regulated pathway and essential for intestinal
homeostasis. Disruption of this homeostasis with Wnt signaling hyperactivation can lead to tumor
development and indeed Wnt activation is common in human colorectal cancer. The prognostic value of
Wnt activation in colorectal cancer has not been fully elucidated yet. Furthermore, components of the
Wnt signaling pathway have been brought into focus as possible targets in anti-cancer therapy and as
possible adjuvant treatment for chemoresistant cancers.
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Abstract

Gastric cancer (GC) is the result of a multifactorial process whose main compon-
ents are infection by Helicobacter pylori (H. pylori), bacterial virulence factors, host
immune response and environmental factors. The development of the neoplastic
microenvironment also depends on genetic and epigenetic changes in oncogenes
and tumor suppressor genes, which results in deregulation of cell signaling
pathways and apoptosis process. This review summarizes the main aspects of the
pathogenesis of GC and the immune response involved in chronic inflammation
generated by H. pylori.

Key Words: Gastric cancer; Helicobacter pylori; Chronic inflammation; Host immune
response
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Core Tip: Understanding the factors related to the host, infection by Helicobacter pylori
and the mechanisms of tumor evasion are fundamental to understand the development of
gastric cancer (GC). However, in the face of a complex immune environment, there are
still many questions to be answered. Thus, we highlight in this work the main aspects
related to GC, from infection and gastric microenvironment to immune response.
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INTRODUCTION

Helicobacter pylori (H. pylori) infection is acquired mainly in early childhood and if not treated properly
can remain for life. Because of this, the infection is highly present around the world and has been linked
to a wide spectrum of gastrointestinal diseases[1]. The prevalence of the bacteria varies according to
geographic regions, age of the patient, socioeconomic status, education, living environment and
profession. In developing countries, such as those in Latin America, they can have a prevalence of up to
80% of infected adults[2]. Recent work by Elzouki et al[3] evaluated 114 patients with gastric cancer
(GC) and indicated that the infection rate per H. pylori was 63.2%. Through its virulence factors, it
damages the gastric mucosa and the hormonal release, changing the stomach environment, often
asymptomatically[4].

Thus, after a chronic inflammatory process, the host may develop GC in the long term, with
adenocarcinoma as the most common type. GC is a worldwide public health problem since approx-
imately one million new people are diagnosed each year with this pathology. Among the types of
neoplasms, gastric adenocarcinoma is the fifth most common and is the third cause of cancer-related
death worldwide. Although there is a strong association between H. pylori infection and gastric
neoplasms, only 1%-3% of those infected end up developing GC[5]. Also in this sense, in 1994, the
World Health Organization identified H. pylori as a group 1 carcinogen, which means a certain
relationship to carcinogenesis, confirming the role of this bacterium in the process of GC development.

The mechanisms involved in this process are complex and not well known, but it is known that the
tumor evasion mechanism of the immune response has a fundamental role in this process[5]. The
development of this neoplastic microenvironment results from genetic and epigenetic changes in
oncogenes and tumor suppressor genes, which results in deregulation of cell signaling pathways and
the process of apoptosis[6]. It is known that the prognosis of patients with GC is not good, with an
average 5-year survival rate of less than 20%[7]. The prognosis of patients with GC can also vary
according to their classification, which can be based from anatomical location to recent molecular
discoveries.

This work aims to provide an updated review on the main characteristics that lead to the
development of gastric neoplasms from gastric infection by H. pylori in order to provide solid data that
help in the knowledge about GC.

VIRULENCE FACTORS OF H. PYLORI

H. pylori has a lot of virulence factors that favor its maintenance in the hostile gastric environment. The
recognition of these factors can even determine how serious the infection with the bacteria can be. Here,
the main factors will be listed.

Flagella

Of primary importance for the pathogenic action of H. pylori, the flagella play a crucial role in
colonization by this pathogen[8]. About four to eight flagella make up the H. pylori flagellar group, and
each of these unitary flagella is made up of three structures: the basal body, the hook and the filament
[9]. Such composition allows this bacterium not only the motility through gastrointestinal fluids, known
as “swimming” but also in solid or semi-solid media, known as “spreading” and “swarming”
movements, which are crucial for entry into gastrointestinal epithelial cells[8].

Chemotaxis

In addition, still in the mobility and fixation of this bacterium in the gastric environment, the chemotaxis
process guarantees the interaction with molecules such as mucins, sodium bicarbonate, urea and
sodium chloride, facilitating the effectiveness of the infection[10,11]. Another factor of paramount
importance in the role of chemotaxis occurs in the process of continuity of infection, causing it to
become chronic. In this sense, the chemotaxis ability allows H. pylori to circumvent the host’s immune
responses, achieving chronic infection[12].
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Adhesion molecules

Various adhesion molecules are described as important for the colonization process by H. pylori, in
addition to helping to protect this pathogen against mucin activity and contributing to access to
important nutrients, such as nickel, which are essential for effective infection[13]. An important
adherence factor that has been described in the literature is BabA, responsible for the connection with
Lewis H-1 type antigens. In addition to this adhesion function, this molecule also appears to be related
to the type of clinical manifestation presented by the host in the face of infection[14-16].

Another molecule of importance for the adhesion of this pathogen to gastric tissue is the outer inflam-
matory protein, which is also linked to the production of interleukin (IL)-8, mucosal damage and
duodenal ulcer[17]. In addition, studies also argue that there is a possible relationship between outer
inflammatory protein expression and greater chances of developing GC[18]. Still on the adhesion
molecules of this pathogen, 33 proteins form the H. pylori outer membrane proteins (Hop)[19,20]. Even
though most of them still do not have their activity well described or understood, some of them already
have their role in the pathogenicity of H. pylori highlighted, such as BabA (HopS), SabA (HopP), HopQ
and HopZ. BabA is related to the specific link to the b and H-1 Lewis antigens from the surface of the
gastric epithelial cells, and SabA is associated with binding to Le* and the adherence of the bacterium to
laminin[21-23]. Meanwhile, the HopQ and HopZ proteins are relatively consolidated as to their
importance for pathogen adherence, and the former also appears to be related to gene A associated with
cytotoxins (CagA) gene expression[24].

Pathogenicity

Several molecules are listed as important for the pathogenesis of H. pylori. Among them, the role of
urease stands out, which is activated even before the bacterium adheres to the gastric tissue, making an
adequate acclimation of the pH of the gastric environment, regulating it to protect this bacterium[25]. In
addition, urease is related to the production process of ammonia derived from urea, due to the urea
channels that allow the entry of this substance in the pathogen and the intrabacterial action of this
enzyme[26]. Furthermore, in addition to its role in colonization, urease seems to be important for
regulating the immune response, controlling a macrophage-pathogen interaction, modulating the pH of
the phagosome and ensuring the survival of H. pylori[27].

One of the proteins most expressed by H. pylori is the catalase that converts hydrogen peroxide into
water and molecular oxygen[28]. Of paramount importance for the protection of the pathogen against
the host’s immune responses, prevention of death mediated by the complement system and avoidance
against the action of phagocytes, catalase seems to be related to the clinic of gastric tumors and cancers
[29,30]. Apparently, this process occurs through chronic inflammation, prevention of apoptosis and
induction of mutagenesis (processes related to the action of this enzyme)[31].

H. pylori strains can be classified as CagA positive or CagA negative. Apparently, CagA is the main
virulence factor of this pathogen, and its greatest expression seems to be directly related to more
aggressive clinical manifestations, such as acute gastritis, gastric ulcer and GC[32-35]. This process is
related to its ability to affect cellular motility, proliferation and apoptosis, affecting the entire
conformation of gastric tissue and predisposing inflammatory pathways that facilitate these clinical
presentations[35]. Still on the CagA gene, different forms of phosphorylation that occur (EPIYA A, B, C
or D) are related to different results, with types C and D (Western and Eastern strains) more related to
the outcome of GC[36].

Vacuolating cytotoxin A is an essential cytotoxin for the pathogenesis of H. pylori, promoting
autophagic processes during the acute phase of infection, in addition to promoting the appearance of
impaired autophagosomes and unbalancing cell proliferation and death during a chronic phase of
infection[30]. Present in all strains of this pathogen, vacuolating cytotoxin A can be encoded by different
genopatterns, being the strains s1 and m1 more related to higher levels of inflammation and
consequently less indolent clinical presentations, such as gastric atrophy and carcinoma[37-40].

Another determinant factor in the pathogenesis of H. pylori is the cag-pathogenicity island, which is
composed of approximately 32 genes[41]. The cag-pathogenicity island is responsible for the encoding of
a type 4 secretion system that helps modulate the cellular metabolism of the host cell, translocate
virulence factors such as CagA to the gastric epithelial cells and upregulate proinflammatory cytokine
secretion[42,43]. Also, strains that present cag-pathogenicity island are more related to peptic ulcer and
GC[44,45]. Moreover, the interaction of CagA with the SH2 containing protein tyrosine phosphatase-2 is
extremely relevant. The CagA/SH2 containing protein tyrosine phosphatase-2 link happens through a
tyrosine phosphorylation-dependent process, which promotes activation of the SH2 containing protein
tyrosine phosphatase-2/extracellular signal-regulated kinase/mitogen-activated protein kinase
pathway and consequently causes cytoskeleton alterations known as the “hummingbird” phenotype[46,
47]. These changes interfere in cellular growth and motility, which may predispose the host to genetic
mutations and further GC[48]. In addition, H. pylori lipopolysaccharides also play an important role in
the pathogenesis of this bacterium. The lipopolysaccharides are capable of binding laminin and as a
consequence promote a gastric leakiness and further cellular apoptosis[49]. Furthermore, H. pylori
lipopolysaccharides might be related to the development of GC, given that it upregulates toll-like
receptor 4 and enhances cell proliferation, both via activation of the mitogen-activated protein kinase
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kinase 1/2-extracellular signal-regulated kinase 1/2-mitogen-activated protein kinase pathway[50].

Still in the virulence factors of H. pylori, several others can be mentioned, such as heat shock proteins,
superoxide dismutase and degrading enzymes (proteases and phospholipases), being listed in this
article.

HOST IMMUNE RESPONSE TO INFECTION

H. pylori induces a significant immune response in the gastric environment of infected individuals. The
onset of the inflammatory processes related to the infection occurs with the promotion of innate
immunity mechanisms, involving the triggering of pattern recognition receptors of gastric epithelial
cells by bacterial components such as lipopolysaccharide, NapA and nucleic acids[51]. The aforemen-
tioned recognition of foreign antigens by immune system receptors leads to the activation of
intracellular signaling pathways that culminate in the release of proinflammatory cytokines, which
promote the activation and recruitment of CD4+ and CD8+ T cells to the gastric environment[52].
Subsequently, a chronic inflammation against H. pylori infection is established, being characterized by a
polarization of T helper (Th) 1/Th17 responses, which is followed by the action of regulatory T (Treg)
cells responsible for controlling the inflammatory process.

The inflammatory pattern varies between groups of patients and seems to be strongly influenced by
age[53]. Figure 1 summarizes the main changes in the immune response to infection by H. pylori
according to age. In general, a predominance of the Th1 response is commonly observed in adults, along
with high levels of interferon y (IFN-y), tumor necrosis factor o, IL-1p and IL-8[54-56], which is mostly
responsible for the recruitment of neutrophils and further setup of an inflammatory environment[57].
However, when it comes to children, this pattern of cytokine release and consequent responses are not
presented in the same way as adults. In a previous investigation with H. pylori-positive adults and
children evaluating Treg and Th17 responses in the gastric mucosa, our group observed that children
have higher expression of Treg-related cytokines such as IL-10 and transforming growth factor beta 1
(TGF-B1) than adults. On the other hand, adults had a prominent expression of cytokines associated
with Th17 responses (IL-1pB, IL-17A and IL-23) compared to children. Moreover, that study found that
the expression of FoxP3+ Treg cells in the gastric mucosa was significantly higher in infants than in
adults, and more intense infiltration of mononuclear and polymorphonuclear cells was observed in the
latter group[58]. In another investigation evaluating the levels of cytokines associated with innate and
Th1 responses in the gastric mucosa of infected individuals, we demonstrated that children express
significantly higher concentrations of tumor necrosis factor o and IL-1a than adults, whereas the
contrary was observed with regard to the expression of IL-2, IL-12p70 and IFN-y. In addition, a
progressive reduction in the levels of IFN-y and IL-12p70 was observed with aging among adults,
including elderly individuals, whereas a similar process was observed with the expression of IL-1, IL-2,
IL-12p70 and IFN-y in children[59].

H. pylori-induced Th1 responses have been associated with the development of corpus gastritis,
which can result in gastric atrophy and intestinal metaplasia, important in precancerous lesions[60].
Moreover, Treg cells have been associated with various relevant protumor mechanisms in the setting of
GC. Enhanced tumor infiltration of FoxP3+ Treg cells have been positively correlated with poor
outcomes among patients with gastric adenocarcinoma[61].

Although the aforementioned immune profiles play important roles in the GC onset and progression,
growing evidence have emphasized the remarkable protumoral activities associated with Th17 cells.
High levels of IL-17 in the tumor environment have been related to increased concentrations of vascular
endothelial growth factor and enhanced tumor vascularization. In addition, cytokines promote IL-6
production in tumor cells, and it is a protein that induces vascular endothelial growth factor release as
well but also stimulates STAT3, which suppresses apoptosis and prolongs the survival of malignant
cells[62]. In a recent study enrolling patients with H. pylori-related diseases, our group demonstrated
that GC patients lack IL-27 production both in the gastric environment and peripheral blood[63]. This
cytokine is an important inhibitor of Th17 responses by impairing the expression of RORyT, the main
IL-17A transcription factor[64].

GC CLASSIFICATION

The classification of GC can be useful for determining a more effective diagnosis as well as a more
targeted treatment and better prognosis for cancer patients. The classification system can use anatomical
location, degree of invasion, lymphatic involvement, histological type and molecular subtypes[65,66].
Among several classification options, there are older ones that have fallen out of use or continue to be
used today (such as Lauren’s), and there are recent updates from renowned institutions such as the
World Health Organization.
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Figure 1 Host immune response to age-stratified Helicobacter pylori infection. H. pylori: Helicobacter pylori; IL: Interleukin; TNF-a: Tumor necrosis
factor a; IFN-y: Interferon y; T Reg Cells: Regulatory T cells.
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The anatomical classification can be divided into: (1) Cardial; and (2) Distal. The location of tumors of
origin at the gastroesophageal junction, whether esophageal or gastric, may not be identified until the
tumor has already reached an expressive size. The literature has shown that the tumor originating in the
cardia usually presents a more aggressive behavior in relation to the distal ones, frequently invading the
gastric walls[67]. In addition, the occurrence of tumors in the distal region has decreased to the
detriment of those in the proximal region[68].

Classification according to the degree of invasion can be done in early or advanced cancer. The early
type, limited to the mucosa and submucosa, has a lower degree of development and injury and has a 5-
year survival rate of 85% to 90%, while patients with the advanced type have a 5% to 20% survival rate.
Furthermore, the advanced type can be evaluated by the Borrmann classification: polypoid (type 1),
ulcerated with defined edges (type 2), ulcerated with ill-defined edges (type 3) and plastic linitis, charac-
terized by diffuse infiltrate without evidence of ulceration (type 4)[69].

Lauren’s Histological Classification, widely used since its publication in 1965, has been useful in the
discussion of GC. This classification divides gastric adenocarcinoma into two histomorphologic types,
intestinal (well, moderately or poorly differentiated) and diffuse (undifferentiated, with or without
signet ring cells). The intestinal type is more common in males and older patients, with a better
prognosis. It is characterized by tumor cells that unite and organize into glandular formations, just as it
occurs in intestinal adenocarcinomas. In addition, the intestinal type usually develops in an
environment of atrophic gastritis and presents greater expression of the e-cadherin adhesion molecule
[70]. The diffuse type, more prevalent in young individuals and more easily identified in early stages, is
characterized by tumor cells that invade neighboring tissues, with little cohesion, loss of e-cadherin
expression, without gland formation and with marked fibrosis. In addition, this type presents endocrine
markers more frequently and has a higher production of basic fibroblast growth factor[71-73].

Among the most recent classifications, in 2019 the World Health Organization updated the classi-
fication of tumors of the digestive system, including GC. In this new approach, histogenesis and the
degree of differentiation were not considered, but it recognizes several types of malignant epithelial
tumors (tubular, papillary, poorly cohesive signet ring phenotype, another type of poorly cohesive,
mucinous, mixed cell) as well as rare variants[74].

The National Institute of Health Cancer Genome Atlas project helped to redefine the molecular classi-
fication of GC into four subtypes: (1) GC with Epstein-Barr virus infection; (2) Microsatellite unstable
tumors; (3) Genetically stable tumors; and (4) Chromosomally unstable GCs[75,76]. The first constitutes
about 9% of GCs and is more common in males, has lesions in the bottom and gastric body with a lower
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mortality rate and has hypermethylated DNA[77]. The second type represents 22% of GC cases and has
a high mutation rate (with high frequency in the KRAS pathway), generally related to an epigenetic
event[75,78]. The third type is usually aneuploid and diagnosed early, representing about 20% of GC
cases, in addition to having a predominance of diffuse histology and located in the distal region of the
stomach[75]. The latter type represents 50% of CG and has histology of the intestinal type, and its
frequency is high in cancers of the esophagogastric junction. Chromosomal instability is the result of
DNA aneuploidy and mutations in various proto-oncogenes and tumor suppressor genes[75,79].

PATHOGENESIS

Precancerous lesions

Atrophic gastritis: In atrophic gastritis (AG), there is an inflammatory process that promotes gland loss
and decreased secretory function, modifying the gastric environment, which may be associated with a
state of achlorhydria or hypochlorhydria[80]. A recent study showed that the relative risk for GC was
1.7 in moderate AG and 4.9 in severe AG compared to none or mild AG (control)[81]. However, it seems
to be possible to identify the evolution of this risk early. In the study by Miki et al[82], it was reported
that the progression of AG is closely linked with progressive reductions in the levels of pepsinogen I
and II. Therefore, measuring these levels can be an opportunity to assess the progression of gastritis
[82]. Another way to assess the risk of progression is through the location and extent of atrophy. A
staging system based on the degree of atrophy and the topography of atrophy, called Operative Link for
Gastritis Assessment was created for this purpose. In this system, stages 3 and 4 are strongly associated
with GC development[83].

Gastric intestinal metaplasia: This lesion is characterized by the replacement of the gastric epithelium
by two types of intestinal epithelium. This replacement is generally considered a condition that
predisposes to malignancy and an increased risk for GC, especially type III (incomplete)[84,85].
Although the presence of this lesion is considered by many authors as a mild form of dysplasia[86], it is
still controversial whether gastric intestinal metaplasia is really a precancerous lesion. After all, several
studies have shown that gastric intestinal metaplasia is not always seen in patients who progress to GC
[87]. However, further studies are needed to define this question.

Along with this questioning, it remains uncertain whether the eradication of H. pylori promotes the
improvement of these precancerous lesions, as there are recent works that have not found any change
[88]. However, most studies that assess patients for more than 5 years after the eradication of the
bacteria, demonstrate improvements in these lesions. Some possible reasons for these discrepancies are

ethnic variations, disease stage, follow-up period, medications used and resistance to the drugs used[89,
90].

GC MICROENVIRONMENT

The GC microenvironment has a complex local immune response, and factors that promote the growth
and expansion of cancer cells can be observed. Although the microenvironment is still poorly
elucidated, some components have already been recognized. Inflammatory cells, fibroblasts and
macrophages associated with cancer, endothelial cells and other infiltrating immune components play
an important role in this process[91,92] (Figure 2).

Cancer-associated fibroblasts

Cancer-associated fibroblasts are involved in the synthesis and remodeling of the extracellular matrix
and are directly related to angiogenesis, mechanical factors of the tumor and metastatic modulation[93].
The secretome of these cells produce TGF-B, FGF5 and specific growth arrest protein 6 that contribute to
the proliferation and invasion of cancer cells[94]. In addition, the presence of vascular endothelial
growth factor, IL-6 and chemokine ligand (CXCL9) can be observed, which together with TGF- reduce
the immune response of T lymphocytes[95]. Cancer-associated fibroblasts contribute to increase the
stiffness of tumor tissue, compress blood vessels generating a hypoxemic process and contribute to a
more aggressive cancer, providing immune evasion and less effective therapeutic response[96,97].
Interestingly, a study using mice found that these cells contribute to the progression of GC, but their
functions are not fully understood[98]. This whole process contributes to an immunosuppression in the
tumor microenvironment and creates an ideal environment for the development and progression of
tumor cells in the affected tissue and possibly other tissues. These cells are probably important in the
process of malignant or benign evolution of GC and should be better explored so that their knowledge
is directed to therapeutic contexts.
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Figure 2 Summary scheme on the microenvironment of gastric cancer. TGF-B: Transforming growth factor beta; FGF5: Fibroblast growth factor 5;
GAS6: Specific growth arrest protein 6; VEGF: Vascular endothelial growth factor; CXCL9: Chemokine ligand; PD-L1: Programmed death ligand 1; CTLA-4: Cytotoxic
T-lymphocyte-associated protein 4; IL: Interleukin; Th: T helper cell; TNF: Tumor necrosis factor; Treg: Regulatory T cell.

Tumor-associated macrophages

Tumor-associated macrophages are also abundant components of the immune system that play an
important role in the microenvironment of GC[99,100]. They can be M1 type and produce proinflam-
matory cytokines such as IL-1B, IL-1a, IL-12, tumor necrosis factor a, IL-12 and CXCL9, which polarize
and recruit components of a Th1l response profile[93,101]. This process culminates in the inhibition of
tumor growth[102]. In contrast, type M2 stimulates a Th2 profile secreting cytokines such as IL-4, IL-6,
IL-10, IL-13, IL-33, TGF-B and IL-10, which have an anti-inflammatory profile and important tumor
activity[103]. They act on tumor progression, metastasis and angiogenesis, which are important factors
for the tumor formation microenvironment[104]. The polarization of M1/M2 macrophages is conducted
according to the inflammatory profile of the tumor microenvironment or therapeutic intervention. More
studies would be interesting in order to observe possible therapies in order to reverse the polarization of
M2 macrophages in M1 so that with a more proinflammatory profile, the immune system is stimulated,
and the fight against the tumor is more effective.

Myeloid-derived suppressor cells

Myeloid-derived suppressor cells are part of the cell population involved in immune responses and are
observed in the tumor microenvironment. They suppress the cytotoxic function of CD8+T cell activity
and antitumor, as they have a high expression of programmed death ligand 1 and cytotoxic T-
lymphocyte-associated protein 4[93,105]. An interesting study in mice observed that the expression of
IL1-B is associated with a greater recruitment of these suppressor cells in the tumor microenvironment
[106]. Baumann et al[107] observed that the neutralization of the activities of these cells, concomitant
with the inhibition of the checkpoint, obtained a greater efficacy in cancer therapy.

Relationship between Th17 /Treg

Regarding the expression of cytokines in the microenvironment of GC, there is an important increase in
Th17 and Treg cells causing an imbalance in the relationship between these cytokines. This phenomenon
is observed gradually with the progression of cancer[108]. The increase in Th17 cells, stimulated by
TGF-p and IL-6, promote tumor progression due to increased expression of IL-17 and consequently
greater local inflammation[109]. However, Treg cells provide an immunosuppressed environment,
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stimulating a high production of IL-10 and inhibiting the production of TGF-B. Thus, these Treg cells
stimulate the progression of the GC, decreasing the host’s immune surveillance in the tumor microen-
vironment[110]. Apparently, the balance of the Th17 and Treg relationship in the gastrointestinal tract
reflects the integrity of the mucosal immune response and plays an important role in the mechanisms of
tumor progression and metastasis.

Most studies are in vitro and murine models. Despite few studies on human models with GC, it is
important to highlight the role of immunosuppression in the tumor microenvironment, which is
essential for the development of cancer and for possible metastases. The immune response in the tumor
microenvironment has a direct link to the host’s general immune response to cancer. These responses
are dependent on factors such as genetics, polymorphisms, chronic diseases and the use of drug
therapies. In addition, the lack of studies in different stages of human life is a problem since the
immunological profile is different throughout life. More studies on the microenvironment of GC are
needed, so it would be possible to better understand the mechanism of the immune response and
possibly find even more effective therapies in the treatment of this cancer.

TUMOR EVASION MECHANISMS TO THE IMMUNE RESPONSE OF THE HOST

During the initial development of tumors, including GC, their cells use several mechanisms to resist
innate immune response and prevail in the organism, and when the tumor achieves more advanced
stages it evades from the action of T effector cells[111]. Of note, the tumor microenvironment is a
protagonist in that context[112]. The immunosuppression promoted by the programmed cell death
protein 1 is strongly related to the immune evasion and worse outcomes in GC[113]. In that context, the
podoplanina is an immune checkpoint molecule that has been associated with the immune response
evasion in various malignancies[114].

Liu et al[115] reported in their study that high levels of podoplanina-expressing cells infiltrating
gastric tumors were associated with an increased recruitment of protumoral macrophages and T effector
cell dysfunction. Moreover, the infiltrating podoplanina cells contributed to the reduction of INF-y,
granzyme B and perforin-1 levels as well as with an increased expression of programmed cell death
protein 1, T cell immunoglobulin and immunoglobulin and mucin-domain containing-3. These findings
suggest that the expression of those cells is a tumor evasion mechanism by gastric tumor cells[115].

Another study observed that the macrophage-derived chemokine CXCL8 plays a crucial role in
tumor progression in GC patients by mediating immune response evasion and metastasis. CXCLS8 acts
by reducing the infiltration of Ki67 CD8+ T cells and inhibiting them through the expression of
programmed death ligand 1 in macrophages[116]. Interestingly, a study evaluated a GC-derived
extracellular compound and concluded that it presents immunosuppressive activities through selective
inhibition of CD161CD3 natural killer cells, proliferative stimulus and reduction of the intracellular
levels of IFN-y, granzyme B and perforin[117]. Complementarily, Zhang et al[118] investigated the
importance of IL-10-related tumor-associated macrophages in the GC immune response evasion and
observed that a tumor microenvironment with high levels of IL-10 tumor-associated macrophages was
characterized by the infiltration of Treg cells and dysfunction of CD8+ T cells.

Shi et al[119] demonstrated in a study that the density of Foxp3+ Treg cells and A2aR/CD8+ T cells
were highly expressed in the tumor microenvironment and were able to avoid immune responses
against GC. The mechanism used by the FoxP3+ Treg cells was the cell apoptosis induction through the
ATP decomposition into adenosine as well as the inhibition of CD8+ T cells through the A2aR pathway,
leading to an immunosuppressive effect[119]. Notably, a study showed that IL-10-producing regulatory
B cells have the potential to avoid the immune surveillance in patients with GC and predict poorer
outcomes since the population of CD19CD24+hiCD27 B cells included cells that are able to suppress
CD4+ T cells and the production of IFN-y by autologous CD4+ T cells[120].

Another protein, the costimulatory molecule B7-H4, is a member of the B7 inhibitors family expressed
in tumor-related monocytes and macrophages. It is considered an important component of GC immune
system evasion, being that it is correlated to invasion depth and to the presence of venous and
lymphatic invasion as well as to the expression of HLA-DR[121]. Interestingly, circulating tumor cells
undergo an epithelial-mesenchymal transition that allows them to survive in several metastatic
environments. In this sense, an assay demonstrated that patients with GC had subtypes of epithelial-
mesenchymal transition markers able to regulate ULBP1 (a major member of the natural killer group 2
member D ligand family) in the circulating tumor cells, which aid in immune response evasion[122].

Considering that the tumor purity consists of the proportion of cancer cells in the tumor and is
intimately related to the tumor microenvironment characteristics, it is important to emphasize that the
low tumor purity implies an unfavorable prognosis, accentuated infiltration of Treg, M1 and M2
macrophages, high expression of immune checkpoints and recruitment of immunosuppressor molecules
[123]. A computational study used the interface mimicry technology in order to predict host-pathogen
interactions in the context of H. pylori infection and their repercussions in GC. This study found that the
H. pylori infection interferes with the apoptosis of host cells through proteins such as HP0231, which is
able to impair the CASP6 homodimerization, a crucial step for apoptotic signaling.
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The aforementioned interaction might explain the H. pylori-induced resistance to death of host cells, a
well-known characteristic associated with carcinogenesis[124]. The studies mentioned here highlight the
importance of understanding the mechanisms that lead to the immune system evasion of GC in order to
better understand the pathophysiology of the disease as well as to improve prognosis assessments and
therapeutic tools for affected individuals. Finally, it is evident that the H. pylori virulence factors are
closely related to the gastric carcinogenesis by means of adaptative mechanisms that not only contribute
to the infection persistence but also unleash premalignant changes in the gastric microenvironment.
These variations progress and perpetuate along with tumor development, aiding in its evasion from the
immune response.

FUTURE PERSPECTIVES

Faced with such complex pathways to be understood, future work needs to detail the immune response
to bacterial infection, especially to help with early intervention in patients who may develop CG. This
may enhance the discovery of new pharmacological therapies that interfere with precancerous lesions
and even in advanced stages of cancer. In addition, they should also help in the discovery of new, non-
conventional, non-invasive, highly specific biomarkers capable of providing early detection of GC.

CONCLUSION

Infection by H. pylori, its relationship with the host’s immune system and oncogenesis as well as the
tumor evasion mechanisms is crucial for the understanding of the mechanisms involved in the
appearance and progression of GC. In view of the chronic inflammation process, a variety of factors can
affect the patient’s prognosis, especially according to the individual’s age. The gastric microenvir-
onment has not been well established, and some fundamental components for the progression of GC
have been recognized to be related to the host’'s immune response.
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Abstract

Celiac disease (CeD) is a chronic autoimmune disorder that is triggered by gluten
in genetically susceptible individuals, and that is characterized by CeD-specific
antibodies, HLA-DQ2 and/or HLA-DQS8 haplotypes, enteropathy and different
clinical pictures related to many organs. Intestinal lymphoma may develop as a
result of refractory CeD. If a patient diagnosed with CeD is symptomatic despite a
strict gluten-free diet for at least 12 months, and does not improve with severe
villous atrophy, refractory CeD can be considered present. The second of the two
types of refractory CeD has abnormal monoclonal intraepithelial lymphocytes and
can be considered as pre-lymphoma, and the next picture that will emerge is
enteropathy-associated T-cell lymphoma. This manuscript addresses "CeD and
malignancies" through a review of current literature and guidelines.

Key Words: Refractory celiac disease; Enteropathy-associated T-cell lymphoma; Pre-
lymphoma; Low grade lymphoma
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Core Tip: Malignancies are among the leading consequence of celiac disease (CeD), and
intestinal lymphoma and adenocarcinomas in particular. Enteropathy-associated T-cell
lymphoma type 1 has been shown to develop from refractory CeD type 2, while the
association of CeD with other cancer types is controversial. Decades of reported studies
suggest that a non-delayed diagnosis of CeD and strict adherence to a gluten-free diet
significantly reduces the rate of cancer development associated with CeD.
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INTRODUCTION

Celiac disease (CeD) is a chronic autoimmune disorder that is triggered by gluten in genetically
susceptible persons with HLA-DQ2 and/or HLA-DQ8 haplotypes, and is characterized by CeD-specific
antibodies and enteropathy[1-3]. The prevalence of CeD in the general population is approximately 1%
on serological screening, and 0.6% as histologically confirmed|3].

CeD can affect many organs, and can cause or trigger, or be associated with different clinical pictures,
including growth retardation, short stature, chronic diarrhea, constipation[1], iron deficiency anemial[4],
dermatitis herpetiformis[5], dental enemal defects[6], aphthous stomatitis[7], rickets, osteoporosis[8,9],
arthralgia, arthritis[10], idiopathic epilepsy[11], peripheral neuropathy[12], ataxia[13], abnormal liver
tests, autoimmune hepatitis[14], typel diabetes mellitus[15], IgA deficiency[16], psychiatric
comorbidities[17], intestinal lymphoma[3], etc. It is not known exactly why these clinical pictures
emerge as different manifestations in different patients, as there are complex underlying mechanisms.
Although the relationship between CeD and intestinal lymphoma is known, there have been many
studies and case reports suggesting its association with other malignancies. For the present manuscript,
a systematic literature search of PubMed/MEDLINE was carried out using the search terms “Celiac
disease AND guideline, and Celiac disease AND malignancy” and a review was made on the subject of
"CeD and malignancies" in current literature and guidelines in line with the following structure: (1)
Pathogenesis of CeD; (2) Refractory CeD; (3) Enteropathy-associated T-cell lymphoma (EATL); (4) CeD
and malignancies; and (5) Conclusion.

PATHOGENESIS OF CELIAC DISEASE

Although the pathogenesis of CeD is not fully understood, it is considered to be attributable to the
coaction of genetic, environmental and immunologic factors. The HLA-DQ2 and/or HLA-DQ8
haplotypes are necessary for CeD development. Studies have shown that around 4% of HLA-DQ2 +
cases develop CeD, and that HLA-DQ2 and HLA-DQS8 negative CeD development is extremely rare
[18]. It is evident that environmental factors are at the core of the CeD pathogenesis, of which gluten is
the sine qua non trigger. The gliadin proteins found in gluten are composed of glutamine and prolamine
residues, and cannot be fully digested, even in a healthy person. HLA-DQ2 and HLA-DQS8 proteins are
located on the surface of intestinal antigen-presenting cells. Undigested gliadin peptides in the intestinal
lumen pass through the intestinal epithelium and undergo cross-linking and deamination through
tissue transglutaminase (tTG) in the lamina propria. The glutamine contained within gliadin is
converted to glutamic acid, bound to HLA-DQ2 and HLA-DQ8 and presented to CD4+ T cells. The
cross-linking of gliadin and tTG results in the formation of tTG antibodies that impair the function of
tTG. Activated CD4+ T cells cause the production of pro-inflammatory cytokines like interferon-y that
contain T-helper cells that worsen the inflammatory effect in the process. Matrix metalloproteinases
cause the degradation of the extracellular matrix and damage to the basement membranes, resulting in
an increase in natural killer (NK) T lymphocytes within the epithelial cell. Gliadins also upregulate the
expression of the zonulin protein by increasing intestinal permeability in both CeD patients and healthy
people. Increased anti-tTG levels are also known to inhibit tTG and make gliadin harder to digest,
which in turn increases tTG activity, resulting in a vicious cycle. Intraepithelial lymphocytes (IELs)
include T cell receptor (TCR)ap+ and -yd+ T cells, and NK cells. Most of these TCR+ IELs express a
variety of NK cell receptors, and in addition, the number of CD8+ TCRaf+ and TCRyd+ increases.
Consequently, characteristic lesions of CeD develop by apoptosis[2,18-22].

CeD is in general similar to other autoimmune diseases, but has a very clear and indispensable
trigger: gluten. Gluten-induced intestinal lesions and autoantibodies begin to improve in the absence of
gluten. Anti-tTG antibodies increase to protect against the disease, and are at the center of the
pathogenesis. They may appear before villous atrophy develops and can induce CeD[21].

REFRACTORY CeD

Refractory CeD (RCeD) patients are those with a pre-existing diagnosis of CeD whose CeD-related
symptoms fail to improve, and in whom villous atrophy develops despite a strict gluten-free diet for
more than 12 months[23-25]. RCeD is mostly diagnosed after the age of 50 years, but younger cases have
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been identified. The incidence for both types of RCeD is in the 0.04%-1.5% range[3].

When RCeD is suspected, a second endoscopy and several biopsies are mandatory. Duodenal
biopsies show Marsh type III, and sometimes Marsh type II[3]. The presence of subepithelial collagen
extending to the lamina propria in the duodenal second part, chronic inflammation and crypt
hypoplasia (not hyperplasia) with villous atrophy are common microscopic findings of RCeD[23].

Refractory CeD is divided histologically into two subgroups according to the immunophenotype of
IELs: type 1 (RCeD-1) and type 2 (RCeD-2). RCeD-1 has a normal intraepithelial lymphocyte phenotype
while RCeD2 has an abnormal clonal lymphocyte population[25]. In RCeD-1, the symptoms are less
severe, and the endoscopic and histological features are similar to active uncomplicated CeD. RCeD-1
shows the same normal immunophenotype as CeD, often leading to difficulties in differential diagnosis
from CeD, although differentiating between RCeD-1 and RCeD-2 is mandatory due to the different
treatment strategies and prognosis[3].

The immunophenotype of abnormal IELs in RCeD-2 is different to that of RCeD-1. It has been
reported that interleukin-15 and somatic mutations in JAK1 or STAT3 in the proliferation of aberrant T
cells play an important role in the formation of RCeD-2[24]. Cording et al[26] identified a complex
mutational profile of JAK1 and STAT3 that activated the NF-kxB pathway in CeD-associated
lymphomagenesis.

While most lymphocytes express CD3, CD8 and polyclonal TCRB, RCeD-2 is characterized by
abnormal T cells that do not express surface CD3 or CD8, but instead express intracellular CD3 by a
TCR gamma rearrangement[23-25], and these cells also express NK surface markers[24,27]. RCeD-1
becomes involved when abnormal T cells account for less than 20%, and RCeD-2 for more than 20%.
RCeD-2 may be referred to as pre-lymphoma or low grade lymphoma due to the high risk of conversion
to EATL[3,28]. Verbeek et al[29] suggest that the quantification of abnormal T cells using flow cytometry
is preferable to T cell clonality analyses in differentiating RCeD patients. The use of a cut-off value of
20% for the classification of patients can also support the selection of long-term follow-up and
treatment.

Figure 1 summarizes the properties of RCeD-1, RCeD-2 and EATL.

The goal of treatment is to prevent RCeD-1 patients from converting to RCeD-2, and then to EATL, in
that a total of 52% of RceD-2 patients have been reported to develop EATL within 4-6 years of diagnosis
of RCEeD-2[30]. Immunosuppressive drugs are used together with nutritional support for the treatment
of RCeD-1. Although similar therapies have been applied for RCeD-2, their usefulness is limited. In such
patients, autologous hematopoietic stem cell transplantation following high-dose chemotherapy is an
alternative treatment[3,31].

ENTEROPATHY-ASSOCIATED T-CELL LYMPHOMA

Enteropathy-associated T-cell lymphoma accounts for less than 1% of all non-Hodgkin lymphomas, and
as such is considered a rare GI lymphoma[3]. Approximately 50% of RCeD-2 patients are thought to
develop overt lymphoma within 5 years of diagnosis[18]. EATL occurs predominantly in patients in the
sixth and seventh decades, and usually develops in those diagnosed with CeD[25,32,33]. EATL is
thought to be derived from IELs, and the abnormal immune phenotype of IELs seen in RCeD-2 indicates
early-stage lymphoma development. To date, two histologically subtypes of EATL have been described
[23].

A microscopic examination of type I EATL (EATL-1) reveals transmural infiltration including
pleomorphic medium- to large-size neoplastic lymphocytes, histiocytes and eosinophils. Mitotic figures
and necrosis are common, and enteropathic changes such as villous atrophy, crypt hyperplasia and
intraepithelial lymphocytosis may be seen in the non-tumor gastrointestinal tract mucosa[25,33]. Tumor
cells in EATL-1 have a pattern of CD2+, CD3+, CD5-, CD4-, CD7+, CD8-, CD56-, TCR- (usually),
CD103+ and CD30+ (often), and a high Ki-67 proliferative index and p53 expression. Epstein-Barr virus
is negative[33]. In some cases, tumor cells may show pronounced pleomorphism reminiscent of
anaplastic large cell lymphoma or Hodgkin lymphoma[23]. The IELs in the non-neoplastic mucosa have
the same immunophenotype as in RCeD-2. Type 2 EATL (EATL-2) is rare, and is generally not
associated with a previous diagnosis of CeD[3]. While the features of non-tumoral mucosa resemble
those of CeD, the tumor cells in EATL-2 have a CD3+, CD8+, CD56+ or CD4- pattern. NKp46, indicating
progression from RCeD-2, has also been reported in EATL[23].

CeD AND MALIGNANCIES

The increased risk of malignant lymphomas in CeD is correlated to small bowel histopathology, and so
no increased risk of lymphoma is expected in CeD patients with improved intestinal mucosal changes
and with a gluten-free diet, or in potential CeD patients with an already normal intestinal mucosa[34].
Goerres et al[35] found intestinal UDP-glucuronosyltransferases, which are involved in the detoxi-
fication of ingested toxins and carcinogens, to be decreased in CeD, and suggested that this could

WJCO | https://www.wjgnet.com 202 March 24,2022 | Volume13 | Issue3 |



Demiroren K. Celiac disease and malignancies

Celiac disease

Symptoms that do not improve despite a strict gluten-free diet for
more than 12 mo and negative tissue transglutaminase antibodies

A /

| With repeat endoscopy, Marsh 3 (or Marsh 2) villous atrophy

1f \ess
Normal IELs Abnormal
I

RCeD-1

clonal IELs

RCeD-2

CD8 (+)

Surface CD3 (+) Surface CD3 (-)

CD8 (-)

Polyclonal TCR Monoclonal TCR
NKp46 (+) | EATL-1

Investigate for other causes for the clinical picture

DOI: 10.5306/wjco.v13.i3.200 Copyright ©The Author(s) 2022.
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potentially pose a risk of cancer. Kamycheva et al[36] reported the leukocyte telomere length to be
shorter in CeD seropositive patients, which may indicate genomic instability - a well-known predis-
posing factor of genetic changes and eventual carcinogenesis.

Ferguson et al[37] reported a 1.9 times greater risk of mortality in 653 CeD patients after a mean
follow-up of 13.5 years, with the most common causes of death being lymphoproliferative disease and
esophageal cancer. Freeman[38] identified 8.4% lymphoma, 1.4% small bowel carcinoma and 0.5%
hypopharyngeal carcinoma in 214 patients with CeD, and reported the risk of lymphoma and small
bowel adenocarcinoma to be increased especially in patients diagnosed with CeD after the age of 60
years, suggesting that risk increases the longer the diagnosis of CeD is delayed. Howdle et al[32]
reported 13% of adenocarcinoma cases and 39% of lymphomas to have CeD.

Grainge et al[39] reported in their cohort study that the risk of any malignancy in CeD patients was
40% greater than in the general population, with an average follow-up of 25 years. They reported the
highest risk in those with non-Hodgkin's lymphomas, with an overall incidence of 1.3 per 1000 person-
years, but that the overall malignancy risk did not increase significantly 15 years after the diagnosis of
CeD. Eigner et al[40] identified RCeD in 2.6% of 1,138 CeD patients, and reported that in 29 RCeD
patients followed for 25 years, RCeD-1 developed in 1.3%, RCeD- 0.6%, EATL in 0.6% and small
intestine adenocarcinoma in 0.4%, with a mortality rate of 48%. They noted further that in the preceding
five years, there had been no patients diagnosed with RCeD-2, EATL or small bowel adenocarcinoma,
which could be related to the increased awareness of CeD and strict adherence to a gluten-free diet.

Green et al[41] reported detecting small bowel adenocarcinoma in two (0.2%) and non-Hodgkin’s
lymphoma in five (0.4%) of 1,612 CeD patients, with EATL being found in three patients (relative risk
was 300). In a meta-analysis Han et al[42] reported a pooled odds ratio (OR) for the risk of all
malignancies of 1.25, and 1.60 for GI malignancy in CeD patients. Of the GI malignancies, esophageal
cancer (pooled OR= 3.72) and small intestinal carcinoma (pooled OR = 14.41) were associated with a
greater risk. Ilus et al[43] reported that the standardized incidence ratio (SIR) did not increase for the
series as a whole in 32,439 CeD patients, but reported a decrease in breast and lung cancers, and an
increase in NHL (SIR: 1.94) and small bowel cancers (SIR: 4.29) 5 years after the CeD diagnosis. In a
recent study, Koskinen et al[44] reported that although the overall mortality in adult CeD diagnosed in
2005-2014 had not increased, mortality associated with lymphoproliferative diseases had increased, but
to a lesser degree than previously reported.

Table 1 provides details of studies of malignancies in CeD patients, including those identifying and
not identifying an increased risk. The malignancies associated with CeD in the case reports are
presented in Table 2.

CONCLUSION

A causal relationship between CeD and EATL2 has been proven. Although its relationship with other
cancer types is controversial, considering the pathogenesis of CeD, such a possibility can be considered.
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Table 1 Malignancies with increased risk, or not reported in studies of patients with celiac disease

Ref. Study design Increased risk No increased risk

Eigner et al[40]  Retrospective cohort ~ EATL -
Small bowel adenocarcinoma

Freeman[38] Retrospective cohort Lymphoma -
Small bowel carcinoma

Hypopharyngeal carcinoma

Grainge et al[39] Cohort All malignancies =
Non-Hodgkin’s lymphoma
Howdle et al[32] Survey Small bowel adenocarcinoma -

Small bowel lymphoma

van Gils et al[47] Case-control T-cell lymphoma, predominantly EATL Other types of lymphomas
Small bowel adenocarcinoma GI carcinomas
Esophageal squamous cell carcinoma

Andersonetal  Retrospective cohort ~ Non-Hodgkin's lymphoma (but not statistically -

[48] significant)

Green et al[41] National survey Small bowel adenocarcinoma -
Non-Hodgkin’s lymphoma

Han et al[42] Meta-analysis All malignancies Other GI cancers

Small intestinal cancers
Esophageal cancer
Ilus et al[43] Retrospective cohort ~ Non-Hodgkin lymphoma Decreased risk of lung, pancreatic, bladder, renal and
breast cancer
Small intestinal cancer

Colon cancer

Basal cell carcinoma of the skin

Kent et al[49] Cohort Papillary thyroid cancer =

Lebwohl et al Population-based - Cutaneous malignant melanoma
[50] setting

Volta et al[51] Cohort - Colon carcinoma

EATL: Enteropathy-associated T-cell lymphoma; GI: Gastrointestinal; OR: Odds ratio; RR: Relative risk.

Studies have suggested that this risk is gradually decreasing[38,39] due to the increased awareness of
CeD over the years, and the widespread use of diagnostic tests and endoscopy, which have made
diagnosis easier and more common. Furthermore, the increase in the availability of commercial gluten-
free products has facilitated stricter compliance with gluten-free diets. Today, the follow-up of CeD
patients at certain periods is recommended in CeD guidelines[1,45]. In the event of suspected non-
compliance with a gluten-free diet, or when presented with symptoms, the patient is re-evaluated with
CeD-specific antibodies and the presence of RCeD is investigated. The major limitation of most of the
above-mentioned studies is the lack of reporting on the compliance of CeD patients with the diet
"assessed from year to year" based on CeD-specific tests. Indeed, in some of the studies, the CeD
diagnosis was made either together or recently in some of the patients diagnosed with lymphoma at
elderly ages. For this reason, objective evaluations (monitoring with CeD-specific antibodies or
measurement of gluten immunogenic peptides in urine and feces[46]) of CeD patients diagnosed in
childhood will yield better results. In addition to the above, since intestinal villous atrophy improves
with a gluten-free diet, an early diagnosis of CeD and a lifelong gluten-free diet are very important in
preventing the formation of intestinal lymphoma and adenocarcinoma. Regular follow-ups can support
patients in their compliance with a gluten-free diet.
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Table 2 Malignancies associated with celiac disease in case reports

Ref. Diagnosis of malignancies (age in years)
Ahluwalia ef al[52] Burkitt-like lymphoma of colon (75)

Buess et al[53] EATL causing obstructive jaundice (54)
Cankurtaran ef al[54] Plasma cell dyscrasia (65)

Cereda et al[55] 1% patient: Burkitt lymphoma of the small bowel (5)

2" patient: Ependymoma (4)

3" patient: Ewing sarcoma (6)

Zunguo et al[56] Large B-cell lymphoma and enteropathy-type T-cell lymphoma (65)
Fallah et al[57] Adenocarcinoma of the small intestine (89)

Jafroodi et al[58] Hodgkin’s lymphoma (11)

Naderi et al[59] Two patients: germ cell tumor (3.5 and 5)

34 patient: Wilm’s tumor (6)
4™ patient: Acute lymphobolastic lymphoma (4.5)
5t patient: Astrocytoma (8)

Sahin et al[60] Intestinal adenocarcinoma (58)

Zullo et al[61] Intestinal adenocarcinoma (77)
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Abstract

Breast cancer is the commonest malignancy among women globally. From being
fourth in the list of most common cancers in India during the 1990s, it has now
become the first. In this review, we examine the available literature to understand
the factors that contributed to the high burden of breast cancer in the country. We
also provide the landscape of changes in the field of early diagnosis and the
treatment modalities as well as the limitations of the Indian healthcare delivery
systems (e.g., delayed diagnosis, human resources and funding for treatment).
This review also sheds light on the newer interventions and the future of breast
cancer management keeping in mind the coronavirus disease 2019 imposed
limitations.
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Core Tip: This review highlights the progress that has been made in the field of breast
cancer management in India over the past few decades, in terms of addressing the
various challenges of breast cancer control including diagnostic methods and treatment
options. It also highlights the future of breast cancer control strategies with a focus on
the coronavirus disease 2019 situation.
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INTRODUCTION

Introduction and epidemiology

Breast cancer (BC) is the commonest malignancy among women globally. It has now surpassed lung
cancer as the leading cause of global cancer incidence in 2020, with an estimated 2.3 million new cases,
representing 11.7% of all cancer cases[1]. Epidemiological studies have shown that the global burden of
BC is expected to cross almost 2 million by the year 2030[2]. In India, the incidence has increased
significantly, almost by 50%, between 1965 and 1985[3]. The estimated number of incident cases in India
in 2016 was 118000 (95% uncertainty interval, 107000 to 130000), 98.1% of which were females, and the
prevalent cases were 526000 (474000 to 574000). Over the last 26 years, the age-standardised incidence
rate of BC in females increased by 39.1% (95% uncertainty interval, 5.1 to 85.5) from 1990 to 2016, with
the increase observed in every state of the country[4]. As per the Globocan data 2020, in India, BC
accounted for 13.5% (178361) of all cancer cases and 10.6% (90408) of all deaths (Figure 1 and Figure 2)
with a cumulative risk of 2.81[5].

Current trends point out that a higher proportion of the disease is occurring at a younger age in
Indian women, as compared to the West. The National Cancer Registry Program analysed data from
cancer registries for the period from 1988 to 2013 for changes in the incidence of cancer. All population-
based cancer registries have shown a significant increase in the trend of BC[6]. In India in 1990, the
cervix was the leading site of cancer followed by BC in the registries of Bangalore (23.0% vs 15.9%),
Bhopal (23.2% vs 21.4%), Chennai (28.9% vs 17.7%) and Delhi (21.6% vs 20.3%), while in Mumbeai, the
breast was the leading site of cancer (24.1% vs 16.0%). By the years 2000-2003, the scenario had changed,
and breast had overtaken as the leading site of cancer in all the registries except in the rural registry of
Barshi (16.9% vs 36.8%). In the case of BC, a significant increasing trend was observed in Bhopal,
Chennai and Delhi registries[7].

When it comes to the 5-year overall survival, a study reported it to be 95% for stage I patients, 92% for
stage II, 70% for stage Il and only 21% for stage IV patients[8]. The survival rate of patients with breast
cancer is poor in India as compared to Western countries due to earlier age at onset, late stage of disease
at presentation, delayed initiation of definitive management and inadequate/fragmented treatment[9].
According to the World Cancer Report 2020, the most efficient intervention for BC control is early
detection and rapid treatment[10]. A 2018 systematic review of 20 studies reported that BC treatment
costs increased with a higher stage of cancer at diagnosis. Consequently, earlier diagnosis of BC can
lower treatment costs[11].

EARLY DETECTION AND SCREENING PROGRAMMES

Success and failure of screening programs depend on several factors ranging from the presence of
proper guidance manuals, development and usage of an appropriate instrument for diagnosis to proper
implementation and availability of adequate human resources. Another factor is the efficacy of the
screening test in avoiding the risk of false positives and unnecessary biopsies and surgeries[12].
Organised screening programmes provide screening to an identifiable target population and use
multidisciplinary delivery teams, coordinated clinical oversight committees and regular review by a
multi-speciality evaluation board to maximise the benefit to the target population[13]. Screening
strategies are moving towards a risk-based approach rather than a broad age-based and sex-based
recommendation. To use this risk-based approach, India needs to assess risk factors and incorporate this
information into BC screening[14].

A recent study from Mumbeai has reported that clinical breast examination conducted every 2 years
by primary health workers significantly downstaged breast cancer at diagnosis and led to a nonsigni-
ficant 15% reduction in breast cancer mortality overall (but a significant reduction of nearly 30% in
mortality in women aged > 50)[15]. Mammography sensitivity has been reported to vary from 64% to
90% and specificity from 82% to 93%[16]. Indian women have more dense breasts, and there is a lack of
adequate mammography machines and trained manpower. This may result in false positives and over-
diagnosis. Digital mammography uses computer-aided detection software but remains costly. It is due
to these reasons that mass-scale routine mammography screening is not a favoured option for a
transitioning country like India.

Ultrasonography has an overall sensitivity of 53% to 67% and specificity of 89% to 99%[17,18] and
might be particularly helpful in younger women (aged 40 to 49 years). However, the requirement of
trained professionals to perform and interpret ultrasound is a major hurdle. Though breast self-
examination is not accepted as an early detection method for BC, this technique, if used diligently and
skilfully, can serve as a useful adjunct to making the woman aware of her normal breast[19].

Understanding India-specific differences by utilising genomics may enable the identification of
women at high risk of developing cancer, where targeted screening may be cost-effective. There is an
urgent need to identify Indian-specific genetic/epigenetic biomarkers. These may have the potential to
be used as biomarkers for early detection at the screening stage[20].
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Estimated number of new cases in 2020, worldwide, females, all ages
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Figure 1 World Health Organization: Estimated number of new cancer cases in 2020, worldwide. Image available under Common Creative License
[68] (Available at https://gco.iarc.fr/today/data/factsheets/cancers/20-Breast-fact-sheet.pdf).
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Figure 2 World Health Organization Globocan 2020 India. Image available under Common Creative License[68] (Available at https:/gco.iarc.fr/
today/data/factsheets/cancers/20-Breast-fact-sheet.pdf).

TREATMENT OPTIONS IN PAST AND PRESENT

Management of BC is multidisciplinary and has come a long way. In the past, the widely used treatment
option was mastectomy followed by adjuvant chemotherapy for locally advanced BC, triple-negative
breast cancer and HER2neu expressing tumours (human epidermal growth factor receptor 2). At
present, it includes a loco-regional approach (targeting only the tumour with the help of surgery and
radiation therapy) and a systemic therapy approach that targets the entire body. The systemic therapy
includes endocrine therapy for hormone receptor-positive disease, chemotherapy, anti-HER2 therapy
for HER2 positive disease, bone stabilising agents, polymerase inhibitors for BRCA (breast cancer gene)
mutation carriers and, recently, immunotherapy. However, the majority of patients still undergo
primary ablative surgical procedures. Gene expression profiling in hormone receptor-positive disease is
also a promising option but has financial implications.

From using drugs like cyclophosphamide, methotrexate, etc. in the 1970s for chemotherapy to using
their modifications like anthracycline-based combination chemotherapy protocols in the 1980s and
1990s, we have come a long way. Taxanes are the newer additions that show a promising future. The
radiation treatment of BC has evolved from 2D to 3D conformal radiotherapy and accelerated partial
breast irradiation, aiming to reduce normal tissue toxicity and overall treatment time[21]. The newer
additions, viz. intensity-modulated radiation therapy and deep inspiration breath-hold, are still
inaccessible to many. The same is the case with brachytherapy.
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The outcomes with triple-negative breast cancer are poor, and the treatment options are mainly
restricted to systemic chemotherapy. Inmunotherapy, poly adenosine diphosphate-ribose polymerase
inhibitors (poly(adenosine diphosphate-ribose) polymerase) and antibody-drug conjugates have the
potential to change the current scenario of BC treatment. One important point that should be considered
while planning the treatment is that there is a lot of hype regarding the newer drugs that flood the
market, however with little or no difference in the survival benefit. Hence it is important to choose
wisely.

The field of breast surgery has also evolved from total mastectomy to breast conservation therapy to
oncoplastic breast surgery. The rapidly advancing field of oncoplastic breast surgery offers a pragmatic
alternative to total mastectomy and breast conservation therapy. It is currently nascent but expected to
attain mainstream status in the near future as oncoplastic breast surgery has economic feasibility and
cost-effectiveness and is well suited for a low-resource setting such as India[22].

CHALLENGES IN BC CONTROL

Delay in seeking healthcare

Continuously increasing BC prevalence is just the tip of the iceberg. There are many underlying
problems that contribute to this mounting burden. In India, nearly 60% of BC cases are diagnosed at
stage IIT or IV of the disease[23]. Most of the patients present to the healthcare facility only when there is
a large palpable mass or secondary changes like local skin/chest wall changes are visible. Women tend
to ignore the minor symptoms and do not show up at the hospital until it is unbearable, owing to their
household responsibilities. Other factors that may contribute to the late presentation include a lack of
awareness about the disease, especially in rural areas. This also leads to fewer women performing a self-
breast examination, opting for a periodic examination by a healthcare worker or mammography for BC
screening, despite it being available for free in a few government hospitals. For those willing to pay for
it, mammography is available in private hospitals. This lack of awareness regarding the risk factors and
early detection methods of BC is unfortunately even prevalent in 49% of healthcare workers[24].

The initial manifestation of BC, i.e. a lump, is generally not associated with pain, which further adds
to the delay in seeking treatment in 50% to 70% of the cases in rural areas[25]. Other factors that may
influence the early detection and treatment of BC are the presence of a diagnostic/treatment facility in
the nearby area, patient’s preference and trust in the healthcare provider, amount of time required for
travelling to the service centre and amount and availability of money that can be spent on the treatment.
However, this grim situation has slowly started to change due to various awareness campaigns, and
now women have slowly started to understand and value their health. Another deterring factor in
seeking early care is the stigma of social embarrassment and isolation. Women not only fear death and
contagion by cancer but also fear that their and their family’s reputation would suffer if people knew of
their cancer diagnosis, including potential difficulties in their daughter’s wedding. It is also a
widespread assumption that cancer, especially in the private parts (breast and genitals) is linked to
“bad” and “immoral behaviour”[26]. The issue of social stigma urgently needs to be addressed through
awareness campaigns, as it not only jeopardises early diagnosis but also the treatment-seeking
behaviour of women with symptoms of BC.

Delay from the healthcare provider’s side

On average, more than 12 wk of delay is seen in diagnosis and treatment in 23% of patients[27]. A study
examined provider’s delay (defined as the period between the first consultation and diagnosis) and
observed that the mean provider delay was 80 d in rural areas and 66 d in urban areas[28]. More than
half of the women were observed to have a delay of more than 90 d in seeking care. The patient-related
delay was observed to be 6.1 wk, and the system-related delay was 24.6 wk with a mean total delay of
29.4 wk in treatment. This led to a poor prognosis[29]. These delays may be attributed partly to the ever-
increasing patient load on the health care system and competing priorities.

High attrition rates

After crossing all these hurdles, once the diagnosis is done and treatment is started, there are further
hazards. In 1990, India’s facilities for the diagnosis and treatment of cancer were far behind recommend-
ations[30]. Even today, due to a large variation in the health care standards between regions, the quality
of treatment for BC patients varies from pathetic to world-class. Few patients are treated at well-
equipped centres in a protocol-based manner, while some are subjected to numerous compromises.
Fortunately, BC is curable if detected early, but due to various underlying factors, improper treatment
provided locally by non-oncologists without standard oncology expertise may lead to the misman-
agement of BC cases. At the same time, patients with advanced, metastatic incurable cancer may require
only palliative care are referred to tertiary cancer centres. This leads to the improper use of limited,
valuable resources.
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Another issue that adds to the high attrition rates/loss to follow-up of BC treatment is an
unacceptable out-of-pocket expenditure, which is three times higher for private inpatient cancer care in
India[30]. More than half the patients from low-income households spend > 20% of their annual
household expenditure on BC treatment, leading to catastrophic results[31]. An analysis of three public
insurance schemes for anticancer treatment in India published in 2018 revealed inconsistencies in the
selection of reimbursed treatments. The reimbursed amount was usually found to be insufficient to
cover the total cancer chemotherapy costs, leading to an average budget shortage of up to 43% for BC
treatment[32]. Cancer insurance policies can significantly reduce the financial burden caused by out-of-
pocket expenditure and prevent catastrophic health expenditure, distress financing and even
bankruptcy. However, a study by Singh et al[33] to understand the use of health insurance in India
reported a lack of awareness regarding the use of these schemes as the key reason for the low
penetration of health insurance policies.

Shortage of resources/skewed distribution of available limited resources

Another problem is a shortage of manpower. India has just over 2000 oncologists for 10 million patients,
and the number of oncologists is unevenly spread, being lower in semi-urban and rural areas. Although
nearly 70% of the Indian population lives in rural areas, about 95% of facilities for cancer treatment exist
in the urban areas of the country. There are also regional variations. About 60% of specialist facilities are
in Southern and Western India, whereas more than 50% of the population lives in the Northern, Central
and Eastern regions, distorting service provision[34].

There are currently 57 courses for radiotherapy technologists and about 2200 certified radiation
technologists in practice in India[35]. As per a recent study, India has just 10% of the total requirement
of 5000 radiation therapy units indicating a shortfall of > 4500 machines. The World Health
Organization recommends at least one teletherapy unit per million population, and there is a shortfall of
700 teletherapy units[35]. If we look at the treatment infrastructure, at least half of patients with cancer
will be judged to need radiotherapy at some point. Yet only 26% of the population, living in the Eastern
region of India, have immediate access to only 11% of radiotherapy facilities[36]. Nearly 40% of
hospitals in India are not adequately equipped with advanced cancer care equipment. Very few centres
in the country provide integrated surgical and chemoradiation for BC. Nearly 75% of the patients in the
public sector do not have access to timely radiotherapy[37].

All of these factors aid in raising the overall cost of BC treatment for the common person. They are
forced to make out-of-pocket cancer care payments, as most of the patients have to bear the cost of
therapy. The government facilities are inadequate in number to cater to a large number of patients.
Thus, patients are required to go for treatment in major cities along with their attendants, resulting in
loss of livelihood of both the patient and her attendants. There is an urgent need to establish a larger
number of cancer care facilities accessible to those living in rural areas so that the gap of cancer
detection and treatment services may be bridged.

RAYS OF HOPE/WAY FORWARD

The integrative approach

The rising human cost, both social and economic, of BC underscores the need for more holistic, multidi-
mensional approaches that encompass the cancer care continuum including prevention, early detection,
treatment, palliation and survivorship. A balanced approach is necessary to integrate traditional
medical practices into mainstream oncology practice, starting with a meaningful discussion among all
the relevant stakeholders and identifying the areas where the benefits of a complementary approach are
beyond doubt[38]. Exercise has been proven to be an effective, safe and feasible tool in combating the
adverse effects of treatment, prevents complications and decreases the risk of BC-specific mortality[39].
A recent review has reported evidence that diet-related and physical activity-related interventions for
the primary prevention of BC are cost-effective[40]. Such lifestyle modifications need to be included in
mainstream treatment planning.

The internet era

Screening programmes in high-income countries that have increased patient participation have done so
with high-quality and periodic education programmes with campaigns tailored to the specific cultural
context of a community[41]. This can only be achieved by creating and sustaining the level of awareness
among the general population. One effective way of doing that is providing information on BC to the
relatives/ patients in the hospital setting. However, due to the ever-increasing patient burden, it is not
always possible for healthcare providers to give appropriate time and counselling to the people. The
distribution of pamphlets with valuable information may be the cause. In recent times, the Internet is
being increasingly used as a reliable source to seek health-related information[42,43]. A lot of people
search for information online. Having a credible source of information that can be revisited as and when
required by the people is always a plus. Keeping these things in mind a website ‘Cancer India” was
developed by the National Institute of Cancer Prevention and Research providing comprehensive
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information on common cancers in India, including BC, in layman’s language (available in English and
Hindi). A recent evaluation by this group reported that the website managed to serve the intended
purpose of improving cancer awareness with reasonable success[44].

Involvement of community health workers

Community participation with the engagement of the health system and local self-government are
required for implementing a comprehensive cancer screening strategy. A BC screening program using
local volunteers for early detection is feasible in low-income settings, thereby improving survival[45].
Community health workers can play an important role in the early detection of BC in low- and middle-
income countries, with responsibilities including awareness-raising, conducting clinical breast examin-
ations, making referrals and supporting subsequent patient navigation. However, this promise can only
be turned into genuine progress if these activities are appropriately supported and sustained. This will
involve adopting contextually appropriate early detection initiatives that are embedded within the
broader health system where community health workers are appropriately trained, equipped, paid and
supported with appropriate links to specialist oncology services. A recent study reported the effect-
iveness of the Extension for Community Healthcare Outcomes model training program in reaching
primary care physicians across the country and improving their knowledge and skills related to
screening for breast, oral and cervical cancer[46].

Early diagnosis

With advancements in molecular diagnostics and therapeutics, newer non-invasive prognostic
biomarker tests to detect BC at a very early stage, such as digital breast tomosynthesis and breast biopsy
techniques, are becoming available[47]. Above all, early detection programmes in low- and middle-
income countries must make provisions for every individual at risk of BC. This will mean considering
the needs of the hardest individual to reach first, so that no woman is left behind in the goal to end
unjust and untimely deaths attributable to the leading cause of female mortality in low- and middle-
income countries[48].

Out of pocket expenditure

To address the issue of out-of-pocket expenditure and to reach out to the poorer section of the society, a
scheme called Pradhan Mantri Jan Arogya Yojana under the new universal healthcare programme
named “Ayushman Bharat” has been recently launched in India. It is the largest health assurance
scheme in the world that aims at providing a health cover of Rs. 5 Lakhs (6814 USD) per family per year
for secondary and tertiary care hospitalisation to over 10.74 crores (approximately 107 million) poor and
vulnerable families (approximately 500 million beneficiaries) that form the bottom 40% of the Indian
population[49]. The Indian government’s efforts to bring anti-HER2 drug under-pricing regulations
have enhanced access and improved outcomes. The launch of low-cost T-DM1 (the antibody-drug
conjugate trastuzumab emtansine) and anti-HER2 therapy biosimilars is keenly awaited. Linking cancer
registry data with Ayushman Bharat, mortality databases and the Hospital Information System could
improve cancer registration, follow-up and outcome data[50].

Newer initiatives

There are several health-tech start-ups that aid in different stages of cancer care. For example, Niramai®
uses machine learning and big data analytics to develop low-cost diagnostics for BC[51]. Oncostem®
uses multi-marker prognostics tests that aid in personalised treatment[52], and UE Lifesciences® uses
contactless and radiation-free handheld screening devices[53] that may come in handy during
coronavirus disease 2019 (COVID-19) times. Panacea® and Mitra Biotech®[54] are start-up companies
that deal with providing precision therapies. Tumourboard® and Navya Network®[55] provides
affordable and precise consultations. There are several drug-patient assistance programs from pharma-
ceutical companies like Roche®, Novartis®, Dr Reddys®, etc. that help in following patient-centric care
from beginning to end. The BC Initiative 2.5 is a global campaign to reduce disparities in BC outcomes
and improve access to breast health care worldwide. It is a self-assessment toolkit that can help
countries conduct a comprehensive breast health care situational analysis[56] Apart from these, patient
navigation strategies are also rapidly growing and evolving concepts. ‘Kevat’ is the first initiative in
India to create a trained task force to facilitate the cancer patient’s journey from entry to the hospital to
follow-up. It is a nascent area of speciality in cancer care that is set to target the pressing need of well-
trained patient navigators in onco-care[57].

Apart from these, the World Health Organization, on March 9, 2021, introduced a Global Breast
Cancer Initiative to reduce global breast mortality by 2.5% by 2040. The aim is to reduce 2.5 million
global deaths, particularly in low-income countries, where the progress to tackle the disease has been
relatively slow. An evidence-based technical package will be provided to countries as part of the
initiative[58]. Such initiatives instil faith in the future for better breast cancer management.

COVID-19 challenge

The COVID-19 pandemic has challenged the prioritisation of various diseases in healthcare systems
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across the globe, and BC patients are no exception. It impacted their access to physicians, medication
and surgeries. Nearly 70% of patients could not access life-saving surgeries and treatment.
Chemotherapy treatments and follow-ups were postponed due to lockdowns[59,60]. A recent study
reported that the average monthly expenditure of cancer patients had increased by 32% during the
COVID-19 period while the mean monthly household income was reduced by a quarter. More than two-
thirds of the patients had no income during the lockdown, and more than half of the patients met their
expenditure by borrowing money. The incremental expenditure coupled with reduced or no income
due to the closure of economic activities in the country imposed severe financial stress on patients with
BCl[61].

It became of utmost importance to balance between the benefits and risks associated with BC
treatment[62]. There are different treatment modalities and each case is different. The shorter duration
of radiotherapy, transient spacing of chemotherapy in metastatic BC setting, if deemed feasible, oral
hormone therapy to delay surgery and judicious use of immunomodulators are some recent guidelines
in evidence-based practice in this unprecedented crisis[63]. The core idea is to delay the surgery until
the pandemic is over whenever feasible. Additionally, apart from healthcare management, one area that
has suffered tremendously due to the infectious outbreak is cancer research[64]. The estimated decrease
in cancer funding in India ranges from 5% to 100%, as many funding agencies have cancelled calls for
funding. The private/charity sector is the worst hit, with an estimated decrease of more than 60% of its
funding[65]. A robust health system is a prerequisite for providing the facilities for the treatment of BC
that is diagnosed through the early detection programmes, whether through screening or the presence
of symptoms[66]. Of course, it goes without saying that a proper evaluation of the programmes will not
only allow improvement of quality of services but also generate valuable evidence on the effectiveness
of screening and early diagnosis in the countries ”in transition”[67].

CONCLUSION

To conclude, the BC burden is rising at a rate much faster than it was a decade ago. Acknowledging that
BC is one of the foremost cancers in India now would be the first step towards making people cognizant
of the disease. It is fast developing into a public health crisis, and society’s discomfort to talk about
women’s bodies has made the situation even worse. To combat the consequences as a country, better
preparedness is essential. A robust awareness campaign and effective implementation of a national
cancer screening program are the need of the hour. We also need to stand up and deliver on the
healthcare front. The shortage of skilled manpower and infrastructural requirements need to be met,
and for this, the total healthcare budget of the country needs to be increased. In the jargon of the
challenges of BC control, prioritising the adoption of a preventive approach and early detection would
go a long way. Another important aspect is the country’s preparedness for unprecedented events like
COVID-19, for which there should be a separate provision to deal with public health disasters. Creating
a cadre of trained medical and paramedical professionals, efficient utilisation and timely upgrading of
skills of the existing healthcare workforce along with adopting newer technologies would further the
cause of BC control.

FOOTNOTES

Author contributions: Both authors (Mehrotra R and Yadav K) contributed equally to all aspects of the paper
preparation.

Conflict-of-interest statement: The authors declare no potential conflict of interest for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: http:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country/Territory of origin: India
ORCID number: Ravi Mehrotra 0000-0001-9453-1408; Kavita Yadav 0000-0002-3887-4294,

S-Editor: Gong ZM
L-Editor: Filipodia
P-Editor: Gong ZM

WJCO | https://www.wjgnet.com 215 March 24,2022 | Volume13 | Issue3 |

Jaishideng®


http://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-9453-1408
http://orcid.org/0000-0001-9453-1408
http://orcid.org/0000-0002-3887-4294
http://orcid.org/0000-0002-3887-4294

Mehrotra R et al. Breast cancer: Past, present and future

Jaishideng®

REFERENCES

1

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin 2021;
71: 209-249 [PMID: 33538338 DOI: 10.3322/caac.21660]

2 DeSantis C, Siegel R, Bandi P, Jemal A. Breast cancer statistics, 2011. C4A Cancer J Clin 2011; 61: 409-418 [PMID:
21969133 DOI: 10.3322/caac.20134]

3 Saxena S, Szabo CI, Chopin S, Barjhoux L, Sinilnikova O, Lenoir G, Goldgar DE, Bhatanager D. BRCA1 and BRCA2 in
Indian breast cancer patients. Hum Mutat 2002; 20: 473-474 [PMID: 12442273 DOI: 10.1002/humu.9082]

4 India State-Level Disease Burden Initiative Cancer Collaborators. The burden of cancers and their variations across the
states of India: the Global Burden of Disease Study 1990-2016. Lancet Oncol 2018; 19: 1289-1306 [PMID: 30219626 DOI:
10.1016/S1470-2045(18)30447-9]

5 International Agency for Research on Cancer. India Source: Globocan 2020. [cited 11 June 2021] Available from:
https://gco.iarc.fr/today/data/factsheets/populations/356-india-fact-sheets.pdf

6 National Cancer Registry Programme. Three-year report of the population based Cancer Registries, 2012-2014. Indian
Council of Medical Research, Bangalore. 2016

7 Takiar R, Srivastav A. Time trend in breast and cervix cancer of women in India - (1990-2003). Asian Pac J Cancer Prev
2008; 9: 777-780 [PMID: 19256775]

8 Arumugham R, Raj A, Nagarajan M, Vijilakshmi R. 327P - Survival Analysis of Breast Cancer Patients Treated at a
Tertiary Care Centre in Southern India. Ann Oncol 2014; 25: iv 107 [DOI: 10.1093/annonc/mdu327.72]

9 Maurya AP, Brahmachari S. Current Status of Breast Cancer Management in India. Indian J Surg 2020 [DOI:
10.1007/s12262-020-02388-4]

10 International Agency for Research on Cancer. World Cancer Report [Internet]. 2020 [cited 4 April 2021] Available
from: https://www.iarc.who.int/cards_page/world-cancer-report/

11 Sun L, Legood R, Dos-Santos-Silva I, Gaiha SM, Sadique Z. Global treatment costs of breast cancer by stage: A systematic
review. PLoS One 2018; 13: €0207993 [PMID: 30475890 DOI: 10.1371/journal.pone.0207993]

12 Rajaraman P, Anderson BO, Basu P, Belinson JL, Cruz AD, Dhillon PK, Gupta P, Jawahar TS, Joshi N, Kailash U,
Kapambwe S, Katoch VM, Krishnan S, Panda D, Sankaranarayanan R, Selvam JM, Shah KV, Shastri S, Shridhar K,
Siddiqi M, Sivaram S, Seth T, Srivastava A, Trimble E, Mehrotra R. Recommendations for screening and early detection of
common cancers in India. Lancet Oncol 2015; 16: €352-¢361 [PMID: 26149887 DOI: 10.1016/S1470-2045(15)00078-9]

13 Sivaram S, Majumdar G, Perin D, Nessa A, Broeders M, Lynge E, Saraiya M, Segnan N, Sankaranarayanan R, Rajaraman
P, Trimble E, Taplin S, Rath GK, Mehrotra R. Population-based cancer screening programmes in low-income and middle-
income countries: regional consultation of the International Cancer Screening Network in India. Lancet Oncol 2018; 19:
el13-e122 [PMID: 29413465 DOI: 10.1016/S1470-2045(18)30003-2]

14  El Saghir NS, Charara RN. International screening and early detection of breast cancer: resource-sensitive, age- and risk-
specific guidelines. Breast Cancer Manag 2014; 3: 397-407.DOI:10.2217/bmt.14.28

15 Mittra I, Mishra GA, Dikshit RP, Gupta S, Kulkarni VY, Shaikh HKA, Shastri SS, Hawaldar R, Pramesh CS, Badwe RA.
Effect of screening by clinical breast examination on breast cancer incidence and mortality after 20 years: prospective,
cluster randomised controlled trial in Mumbai. BMJ 2021; 372: n256 [PMID: 33627312 DOI: 10.1136/bmj.n256]

16  Elmore JG, Armstrong K, Lehman CD, Fletcher SW. Screening for breast cancer. JAMA 2005; 293: 1245-1256 [PMID:
15755947 DOIL: 10.1001/jama.293.10.1245]

17  Lee T. Comparison of Breast Cancer Screening Results in Korean Middle-Aged Women: A Hospital-based Prospective
Cohort Study. Osong Public Health Res Perspect 2013; 4: 197-202 [PMID: 24159556 DOI: 10.1016/j.phrp.2013.06.002]

18 Mo M, Liu GY, Zheng Y, Di LF, Ji YJ, Lv LL, Chen YY, Peng WJ, Zhu JR, Bao PP, Ding JH, Chang C, Luo JF, Cao ZG,
Xu WH, Shao ZM. Performance of breast cancer screening methods and modality among Chinese women: a report from a
society-based breast screening program (SBSP) in Shanghai. Springerplus 2013; 2: 276 [PMID: 23961381 DOI:
10.1186/2193-1801-2-276]

19 Gupta R, Gupta S, Mehrotra R, Sodhani P. Risk factors of breast cancer and breast self-examination in early detection:
systematic review of awareness among Indian women in community and health care professionals. J Public Health (Oxf)
2020; 42: 118-131 [PMID: 30608560 DOI: 10.1093/pubmed/fdy228]

20 Sundar S, Khetrapal-Singh P, Frampton J, Trimble E, Rajaraman P, Mehrotra R, Hariprasad R, Maitra A, Gill P, Suri V,
Srinivasan R, Singh G, Thakur JS, Dhillon P, Cazier JB. Harnessing genomics to improve outcomes for women with cancer
in India: key priorities for research. Lancet Oncol 2018; 19: €102-e112 [PMID: 29413464 DOI:
10.1016/S1470-2045(17)30726-X]

21 Akram M, Siddiqui SA. Breast cancer management: past, present and evolving. Indian J Cancer 2012; 49: 277-282
[PMID: 23238144 DOI: 10.4103/0019-509X.104486]

22 Koppiker CB, Chintamani, Dixit S. Oncoplastic Breast Surgery in India: Thinking Globally, Acting Locally. Indian J Surg
2019; 81: 103-110 [DOLI: 10.1007/s12262-019-01890-8]

23 Gogia A, Deo SVS, Sharma D, Mathur S. Breast cancer: The Indian scenario. J Clin Oncol 2020; 38: ¢12567-¢12567
[DOL: 10.1200/JC0O.2020.38.15_suppl.c12567]

24  Fotedar V, Seam RK, Gupta MK, Gupta M, Vats S, Verma S. Knowledge of risk factors and early detection methods and
practices towards breast cancer among nurses in Indira Gandhi Medical College, Shimla, Himachal Pradesh, India. Asian
Pac J Cancer Prev 2013; 14: 117-120 [PMID: 23534708 DOI: 10.7314/apjcp.2013.14.1.117]

25 Sharma V, Giri S. Cancer control in India- A sorry state. Indian J Cancer 2009; 46: 340 [DOI: 10.4103/0019-509X.55557]

26 CohenY. Women and Cancer in India [Internet]. New Security Beat. 2018 [cited 31 March 2021]. Available from:
https://www.newsecuritybeat.org/2018/07/women-cancer-india/

27 Gangane N, Anshu, Manvatkar S, Ng N, Hurtig AK, San Sebastian M. Prevalence and Risk Factors for Patient Delay
Among Women With Breast Cancer in Rural India. Asia Pac J Public Health 2016; 28: 72-82 [PMID: 26658324 DOI:
10.1177/1010539515620630]

WJCO | https://www.wjgnet.com 216 March 24,2022 | Volume13 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://dx.doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/21969133
https://dx.doi.org/10.3322/caac.20134
http://www.ncbi.nlm.nih.gov/pubmed/12442273
https://dx.doi.org/10.1002/humu.9082
http://www.ncbi.nlm.nih.gov/pubmed/30219626
https://dx.doi.org/10.1016/S1470-2045(18)30447-9
https://gco.iarc.fr/today/data/factsheets/populations/356-india-fact-sheets.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19256775
https://dx.doi.org/10.1093/annonc/mdu327.72
https://dx.doi.org/10.1007/s12262-020-02388-4
https://www.iarc.who.int/cards_page/world-cancer-report/
http://www.ncbi.nlm.nih.gov/pubmed/30475890
https://dx.doi.org/10.1371/journal.pone.0207993
http://www.ncbi.nlm.nih.gov/pubmed/26149887
https://dx.doi.org/10.1016/S1470-2045(15)00078-9
http://www.ncbi.nlm.nih.gov/pubmed/29413465
https://dx.doi.org/10.1016/S1470-2045(18)30003-2
http://www.ncbi.nlm.nih.gov/pubmed/33627312
https://dx.doi.org/10.1136/bmj.n256
http://www.ncbi.nlm.nih.gov/pubmed/15755947
https://dx.doi.org/10.1001/jama.293.10.1245
http://www.ncbi.nlm.nih.gov/pubmed/24159556
https://dx.doi.org/10.1016/j.phrp.2013.06.002
http://www.ncbi.nlm.nih.gov/pubmed/23961381
https://dx.doi.org/10.1186/2193-1801-2-276
http://www.ncbi.nlm.nih.gov/pubmed/30608560
https://dx.doi.org/10.1093/pubmed/fdy228
http://www.ncbi.nlm.nih.gov/pubmed/29413464
https://dx.doi.org/10.1016/S1470-2045(17)30726-X
http://www.ncbi.nlm.nih.gov/pubmed/23238144
https://dx.doi.org/10.4103/0019-509X.104486
https://dx.doi.org/10.1007/s12262-019-01890-8
https://dx.doi.org/10.1200/JCO.2020.38.15_suppl.e12567
http://www.ncbi.nlm.nih.gov/pubmed/23534708
https://dx.doi.org/10.7314/apjcp.2013.14.1.117
https://dx.doi.org/10.4103/0019-509X.55557
https://www.newsecuritybeat.org/2018/07/women-cancer-india/
http://www.ncbi.nlm.nih.gov/pubmed/26658324
https://dx.doi.org/10.1177/1010539515620630

Jaishideng®

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

Mehrotra R et al. Breast cancer: Past, present and future

Chintamani, Tuteja A, Khandelwal R, Tandon M, Bamal R, Jain S, Narayan N, Srinivas S, Kumar Y. Patient and provider
delays in breast cancer patients attending a tertiary care centre: a prospective study. JRSM Short Rep 2011; 2: 76 [PMID:
22046495 DOI: 10.1258/shorts.2011.011006]

Jassem J, Ozmen V, Bacanu F, Drobniene M, Eglitis J, Lakshmaiah KC, Kahan Z, Mardiak J, Pienkowski T, Semiglazova
T, Stamatovic L, Timcheva C, Vasovic S, Vrbanec D, Zaborek P. Delays in diagnosis and treatment of breast cancer: a
multinational analysis. Eur J Public Health 2014; 24: 761-767 [PMID: 24029456 DOI: 10.1093/eurpub/ckt131]

Desai PB. The facilities and challenges for cancer control in India. Gan To Kagaku Ryoho 1992; 19: 1146-1152 [PMID:
1514827]

Rajpal S, Kumar A, Joe W. Economic burden of cancer in India: Evidence from cross-sectional nationally representative
household survey, 2014. PLoS One 2018; 13: 0193320 [PMID: 29481563 DOI: 10.1371/journal.pone.0193320]

Haitsma G, Patel H, Gurumurthy P, Postma MJ. Access to anti-cancer drugs in India: is there a need to revise
reimbursement policies? Expert Rev Pharmacoecon Outcomes Res 2018; 18: 289-296 [PMID: 29466887 DOI:
10.1080/14737167.2018.1444479]

Singh P, Shukla T. Penetration of Health Insurance in India: Reality or mirage published in the proceedings at the Second
International Finance Conference, October 11th 2017 organised by Centre for Management Studies Jamia Millia Islamia-
Central University; 2017: 23-26

Pramesh CS, Badwe RA, Borthakur BB, Chandra M, Raj EH, Kannan T, Kalwar A, Kapoor S, Malhotra H, Nayak S, Rath
GK, Sagar TG, Sebastian P, Sarin R, Shanta V, Sharma SC, Shukla S, Vijayakumar M, Vijaykumar DK, Aggarwal A,
Purushotham A, Sullivan R. Delivery of affordable and equitable cancer care in India. Lancet Oncol 2014; 15: ¢223-¢233
[PMID: 24731888 DOI: 10.1016/S1470-2045(14)70117-2]

Munshi A, Ganesh T, Mohanti BK. Radiotherapy in India: History, current scenario and proposed solutions. Indian J
Cancer 2019; 56: 359-363 [PMID: 31607709 DOI: 10.4103/ijc.1JC 82 19]

Mallath MK, Taylor DG, Badwe RA, Rath GK, Shanta V, Pramesh CS, Digumarti R, Sebastian P, Borthakur BB, Kalwar
A, Kapoor S, Kumar S, Gill JL, Kuriakose MA, Malhotra H, Sharma SC, Shukla S, Viswanath L, Chacko RT, Pautu JL,
Reddy KS, Sharma KS, Purushotham AD, Sullivan R. The growing burden of cancer in India: epidemiology and social
context. Lancet Oncol 2014; 15: €205-e212 [PMID: 24731885 DOI: 10.1016/S1470-2045(14)70115-9]

Grover S, Gudi S, Gandhi AK, Puri PM, Olson AC, Rodin D, Balogun O, Dhillon PK, Sharma DN, Rath GK, Shrivastava
SK, Viswanathan AN, Mahantshetty U. Radiation Oncology in India: Challenges and Opportunities. Semin Radiat Oncol
2017;27: 158-163 [PMID: 28325242 DOI: 10.1016/j.semradonc.2016.11.007]

Basu P, Tripathi R, Mehrotra R, Ray K, Srivastava A. Role of integrative medicine in the continuum of care of breast
cancer patients in the Indian context. Cancer Causes Control 2021; 32: 429-440 [PMID: 33528692 DOI:
10.1007/s10552-021-01399-0]

Zaidi S, Hussain S, Verma S, Veqar Z, Khan A, Nazir SU, Singh N, Moiz JA, Tanwar P, Srivastava A, Rath GK, Mehrotra
R. Efficacy of Complementary Therapies in the Quality of Life of Breast Cancer Survivors. Front Oncol 2017; 7: 326
[PMID: 29376027 DOI: 10.3389/fonc.2017.00326]

Bellanger M, Barry K, Rana J, Regnaux JP. Cost-Effectiveness of Lifestyle-Related Interventions for the Primary
Prevention of Breast Cancer: A Rapid Review. Front Med (Lausanne) 2019; 6: 325 [PMID: 32117999 DOI:
10.3389/fmed.2019.00325]

Palmer CK, Thomas MC, von Wagner C, Raine R. Reasons for non-uptake and subsequent participation in the NHS
Bowel Cancer Screening Programme: a qualitative study. Br J Cancer 2014; 110: 1705-1711 [PMID: 24619071 DOIL:
10.1038/bjc.2014.125]

Wong C, Harrison C, Britt H, Henderson J. Patient use of the internet for health information. Aust Fam Physician 2014; 43:
875-877 [PMID: 25705739]

Beck F, Richard JB, Nguyen-Thanh V, Montagni I, Parizot I, Renahy E. Use of the internet as a health information
resource among French young adults: results from a nationally representative survey. J Med Internet Res 2014; 16: €128
[PMID: 24824164 DOI: 10.2196/jmir.2934]

Yadav K, Upadhayay S, Chandra A, Hariprasad R, Gupta, R, Mehrotra R, Singh S, Gupta S. "Evaluation of ‘India against
Cancer’ Web Portal Using Environmental Scan and Google Analytics," International Journal of Scientific Research in
Network Security and Communication 2020; 8: 14-20

Parambil NA, Philip S, Tripathy JP, Philip PM, Duraisamy K, Balasubramanian S. Community engaged breast cancer
screening program in Kannur District, Kerala, India: A ray of hope for early diagnosis and treatment. /ndian J Cancer 2019;
56: 222-227 [PMID: 31389385 DOI: 10.4103/ijc.1JC 397 18]

Adsul P, Nethan ST, deCortina SH, Dhanasekaran K, Hariprasad R. Implementing cancer-screening programs by training
primary care physicians in India — Findings from the National Institute of Cancer Prevention Research Project ECHO for
Cancer Prevention. Res Sq 2020; Preprint [DOI: 10.21203/rs.3.rs-57393/v1]

Kesarkar R. Why BC Awareness Needs Better Marketing In India | Forbes India [Internet]. Forbes India. 2020 [cited 31
March 2021]. Available from: https://www.forbesindia.com/article/weschool/why-breast-cancer-awareness-needs-better-
marketing-in-india/63939/1

O'Donovan J, Newcomb A, MacRae MC, Vieira D, Onyilofor C, Ginsburg O. Community health workers and early
detection of breast cancer in low-income and middle-income countries: a systematic scoping review of the literature. BMJ
Glob Health 2020; 5 [PMID: 32409331 DOI: 10.1136/bmjgh-2020-002466]

Government of India. Ayushman Bharat Dashboard. [Internet]. 2021 [cited 31 March 2021]. Available from:
https://pmjay.gov.in/about/pmjay

Mathur P, Sathishkumar K, Chaturvedi M, Das P, Sudarshan K, Santhappan S, Nallasamy V, John A, Narasimhan S,
Roselind F S; on behalf of ICMR-NCDIR-NCRP Investigator Group Cancer Statistics, 2020: Report From National Cancer
Registry Programme, India.

JCO Global Oncol 2020; (6): 1063-1075 [DOI: 10.1200/G0.20.00122]

Niramai. A Novel Breast Cancer Screening Solution [Internet]. 2021 [cited 31 March 2021]. Available from:
https://www.niramai.com/

WJCO | https://www.wjgnet.com 217 March 24,2022 | Volume13 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/22046495
https://dx.doi.org/10.1258/shorts.2011.011006
http://www.ncbi.nlm.nih.gov/pubmed/24029456
https://dx.doi.org/10.1093/eurpub/ckt131
http://www.ncbi.nlm.nih.gov/pubmed/1514827
http://www.ncbi.nlm.nih.gov/pubmed/29481563
https://dx.doi.org/10.1371/journal.pone.0193320
http://www.ncbi.nlm.nih.gov/pubmed/29466887
https://dx.doi.org/10.1080/14737167.2018.1444479
http://www.ncbi.nlm.nih.gov/pubmed/24731888
https://dx.doi.org/10.1016/S1470-2045(14)70117-2
http://www.ncbi.nlm.nih.gov/pubmed/31607709
https://dx.doi.org/10.4103/ijc.IJC_82_19
http://www.ncbi.nlm.nih.gov/pubmed/24731885
https://dx.doi.org/10.1016/S1470-2045(14)70115-9
http://www.ncbi.nlm.nih.gov/pubmed/28325242
https://dx.doi.org/10.1016/j.semradonc.2016.11.007
http://www.ncbi.nlm.nih.gov/pubmed/33528692
https://dx.doi.org/10.1007/s10552-021-01399-0
http://www.ncbi.nlm.nih.gov/pubmed/29376027
https://dx.doi.org/10.3389/fonc.2017.00326
http://www.ncbi.nlm.nih.gov/pubmed/32117999
https://dx.doi.org/10.3389/fmed.2019.00325
http://www.ncbi.nlm.nih.gov/pubmed/24619071
https://dx.doi.org/10.1038/bjc.2014.125
http://www.ncbi.nlm.nih.gov/pubmed/25705739
http://www.ncbi.nlm.nih.gov/pubmed/24824164
https://dx.doi.org/10.2196/jmir.2934
http://www.ncbi.nlm.nih.gov/pubmed/31389385
https://dx.doi.org/10.4103/ijc.IJC_397_18
https://dx.doi.org/10.21203/rs.3.rs-57393/v1
https://www.forbesindia.com/article/weschool/why-breast-cancer-awareness-needs-better-marketing-in-india/63939/1
https://www.forbesindia.com/article/weschool/why-breast-cancer-awareness-needs-better-marketing-in-india/63939/1
http://www.ncbi.nlm.nih.gov/pubmed/32409331
https://dx.doi.org/10.1136/bmjgh-2020-002466
https://pmjay.gov.in/about/pmjay
https://dx.doi.org/10.1200/GO.20.00122
https://www.niramai.com/

Mehrotra R et al. Breast cancer: Past, present and future

Jaishideng®

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

OncoStem. Cancer Recurrence Tests, Oncology, AI/ML Driven Innovation CanAssist Breast [Internet]. 2021 [cited 31
March 2021]. Available from: https://www.oncostem.com/

UE LifeSciences. UE LifeSciences [Internet]. 2021 [cited 31 March 2021]. Available from:
https://www.uelifesciences.com/

Drug Target Review. Mitra Biotech - Drug Target Review [Internet]. 2021 [cited 31 March 2021]. Available from:
https://www.drugtargetreview.com/company_profile/31020/mitra-biotech/

Healthcare Executive. The Al Route to Cancer Care — Healthcare Executive [Internet]. 2021 [cited 31 March 2021].
Available from: https://www.healthcareexecutive.in/blog/ai-route-to-cancer-care

Fred Hutchinson Cancer Research Center. Breast Cancer Initiative 2.5 (BCI2.5) [Internet]. 2021 [cited 31 March
2021]. Available from: https://www.fredhutch.org/en/research/divisions/public-health-sciences-
division/research/epidemiology/breast-cancer-initiative-2-5.html

Tata Memorial Centre. Patient Navigation Program — KEVAT [Internet]. 2021 [cited 31 March 2021]. Available from:
https://tmc.gov.in/index.php/en/kevat-patient-navigator

DownToEarth. WHO launches renewed efforts to reduce breast cancer mortality [Internet]. 2021 [cited 4 April 2021].
Available from: https://www.downtoearth.org.in/news/health/who-launches-renewed-efforts-to-reduce-breast-cancer-
mortality-75839

Hindustan Times. Cancer care takes a hit during lockdown [Internet]. 2021 [cited 31 March 2021]. Available from:
https://www .hindustantimes.com/india-news/cancer-care-takes-a-hit-during-lockdown/story-
9yIR9C2F6ZhRmyodjFdGRO.html

Dhupkar A. Tata Hospitals postpone chemotherapy and surgeries [Internet]. Mumbai Mirror. 2020 [cited 31 March
2021]. Available from: https://mumbaimirror.indiatimes.com/coronavirus/news/tata-hospitals-postpone-chemo-and-
surgeries/articleshow/74754405.cms

Wadasadawala T, Sen S, Watekar R, Rane P, Sarin R, Gupta S, Parmar V, Kannan S, Mohanty SK. Economic Distress of
Breast Cancer Patients Seeking Treatment at a Tertiary Cancer Center in Mumbai during COVID-19 Pandemic: A Cohort
Study. Asian Pac J Cancer Prev 2021; 22: 793-800 [PMID: 33773543 DOI: 10.31557/APJCP.2021.22.3.793]

Batra A, Mehta P, Patel A, Bhethanabhotla S, Biswas B, Pramanik R, Das CK. BC treatment during the COVID-19
pandemic. Indian J Med Paediatr Oncol 2020; 41: 135-1377 [DOIL: 10.4103/ijmpo.ijmpo_111 20]

eHealth Network. Breast cancer treatment: Past, present, and the future [Internet]. 2021 [cited 31 March 2021]. Available
from: https://ehealth.eletsonline.com/2020/08/breast-cancer-treatment-past-present-and-the-future/

Chopra R, Yadav K, Mehrotra R. Impact of COVID-19 on Cancer Care in India [Internet]. 2020 [cited 31 March 2021].
Available from: https://ascopost.com/issues/november-25-2020/impact-of-covid-19-on-cancer-care-in-india/
International Cancer Research Partnership. Project Funding People Map [Internet]. 2020 [cited 31 March 2021].
Available from: https://www.icrpartnership.org/map/people/2 15558

Ginsburg O, Yip CH, Brooks A, Cabanes A, Caleffi M, Dunstan Yataco JA, Gyawali B, McCormack V, McLaughlin de
Anderson M, Mehrotra R, Mohar A, Murillo R, Pace LE, Paskett ED, Romanoff A, Rositch AF, Scheel JR, Schneidman M,
Unger-Saldana K, Vanderpuye V, Wu TY, Yuma S, Dvaladze A, Duggan C, Anderson BO. Breast cancer early detection:
A phased approach to implementation. Cancer 2020; 126 Suppl 10: 2379-2393 [PMID: 32348566 DOI:
10.1002/cner.32887]

Basu P, Zhang L, Hariprasad R, Carvalho AL, Barchuk A. A pragmatic approach to tackle the rising burden of breast
cancer through prevention & early detection in countries 'in transition'. /ndian J Med Res 2020; 152: 343-355 [PMID:
33380699 DOI: 10.4103/ijmr.IIMR_1868 19]

Breast Cancer Factsheet. Global Cancer Observatory. International Agency for research on cancer. [cited 31 March
2021]. Available from: https://gco.iarc.fr/today/data/factsheets/cancers/20-Breast-fact-sheet.pdf

WJCO | https://www.wjgnet.com 218 March 24,2022 | Volume13 | Issue3


https://www.oncostem.com/
https://www.uelifesciences.com/
https://www.drugtargetreview.com/company_profile/31020/mitra-biotech/
https://www.healthcareexecutive.in/blog/ai-route-to-cancer-care
https://www.fredhutch.org/en/research/divisions/public-health-sciences-division/research/epidemiology/breast-cancer-initiative-2-5.html
https://www.fredhutch.org/en/research/divisions/public-health-sciences-division/research/epidemiology/breast-cancer-initiative-2-5.html
https://tmc.gov.in/index.php/en/kevat-patient-navigator
https://www.downtoearth.org.in/news/health/who-launches-renewed-efforts-to-reduce-breast-cancer-mortality-75839
https://www.downtoearth.org.in/news/health/who-launches-renewed-efforts-to-reduce-breast-cancer-mortality-75839
https://www.hindustantimes.com/india-news/cancer-care-takes-a-hit-during-lockdown/story-9yIR9C2F6ZhRmyodjFdGRO.html
https://www.hindustantimes.com/india-news/cancer-care-takes-a-hit-during-lockdown/story-9yIR9C2F6ZhRmyodjFdGRO.html
https://mumbaimirror.indiatimes.com/coronavirus/news/tata-hospitals-postpone-chemo-and-surgeries/articleshow/74754405.cms
https://mumbaimirror.indiatimes.com/coronavirus/news/tata-hospitals-postpone-chemo-and-surgeries/articleshow/74754405.cms
http://www.ncbi.nlm.nih.gov/pubmed/33773543
https://dx.doi.org/10.31557/APJCP.2021.22.3.793
https://dx.doi.org/10.4103/ijmpo.ijmpo_111_20
https://ehealth.eletsonline.com/2020/08/breast-cancer-treatment-past-present-and-the-future/
https://ascopost.com/issues/november-25-2020/impact-of-covid-19-on-cancer-care-in-india/
https://www.icrpartnership.org/map/people/215558
http://www.ncbi.nlm.nih.gov/pubmed/32348566
https://dx.doi.org/10.1002/cncr.32887
http://www.ncbi.nlm.nih.gov/pubmed/33380699
https://dx.doi.org/10.4103/ijmr.IJMR_1868_19
https://gco.iarc.fr/today/data/factsheets/cancers/20-Breast-fact-sheet.pdf

700

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5306/wijco.v13.i3.219

World Journal of
Clinical Oncology

World | Clin Oncol 2022 March 24; 13(3): 219-236

ISSN 2218-4333 (online)

MINIREVIEWS

Immunotherapy in triple-negative breast cancer: A literature review

and new advances

Guillermo Arturo Valencia, Patricia Rioja, Zaida Morante, Rossana Ruiz, Hugo Fuentes, Carlos A Castaneda,
Tatiana Vidaurre, Silvia Neciosup, Henry L Gomez

Specialty type: Oncology

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Doval D, Raiter A

Received: August 22, 2021
Peer-review started: August 22,
2021

First decision: November 11, 2021
Revised: November 23, 2021
Accepted: February 19, 2022
Article in press: February 19, 2022
Published online: March 24, 2022

Jaishideng®

WJCO | https://www.wjgnet.com 219

Guillermo Arturo Valencia, Patricia Rioja, Zaida Morante, Rossana Ruiz, Hugo Fuentes, Carlos A
Castaneda, Tatiana Vidaurre, Silvia Neciosup, Henry L Gomez, Department of Medical Oncology,
Instituto Nacional de Enfermedades Neoplasicas, Lima 15036, Peru

Corresponding author: Guillermo Arturo Valencia, MD, Medical Assistant, Department of
Medical Oncology, Instituto Nacional de Enfermedades Neoplasicas, Angamos Este Avenue
2520, Surquillo, Lima 15036, Peru. guillermo.valencia.mesias@gmail.com

Abstract

Triple-negative breast cancer (TNBC) is a highly complex, heterogeneous disease
and historically has limited treatment options. It has a high probability of disease
recurrence and rapid disease progression despite adequate systemic treatment.
Immunotherapy has emerged as an important alternative in the management of
this malignancy, showing an impact on progression-free survival and overall
survival in selected populations. In this review we focused on immunotherapy
and its current relevance in the management of TNBC, including various
scenarios (metastatic and early -neoadjuvant, adjuvant-), new advances in this
subtype and the research of potential predictive biomarkers of response to
treatment.
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Core Tip: Triple-negative breast cancer (TNBC) is an exceptionally heterogeneous disease and historically
a cancer with limited treatment options other than chemotherapy. Recent advances in immunotherapy has
changed the standard of care in selected groups, especially in metastatic TNBC. This article review
continues the detailed, updated and comprehensive literature review regarding immunotherapy in TNBC,
including the discussion of clinical trials in different scenarios (metastatic, neoadjuvant, adjuvant) and
potential biomarkers to provide useful knowledge for medical oncologists and the medical community.
Our goal is sharing updated information for TNBC which is considered an overlooked population with an
enormous necessity of novel treatments and biomarkers.
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INTRODUCTION

Triple-negative breast cancer (TNBC) which effects approximately 15 - 20% of all patients, is a hetero-
geneous, complex disease with a more aggressive behavior than other subtypes of breast cancer. It is
associated with a high incidence of visceral metastasis (predominance of hepatic, pulmonary and central
nervous system metastasis), a high risk of early recurrence and a worse prognosis[1]. Unlike other
subtypes, historically, TNBC has had no other systemic treatment options other than chemotherapy
which has been the cornerstone of treatment for many years. However, this has recently changed with
the introduction of immunotherapy in patients with programmed death ligand 1 (PD-L1) expressing
tumors, both in unresectable locally advanced/metastatic disease. In the neoadjuvant setting, the use of
immunotherapy has recently been approved[1].

Based on efforts in genetic studies, breast cancer was divided into molecular subtypes. Perou et al[2]
proposed a classification based on expression patterns, subdivided into 4 clinical molecular subtypes
(luminal A, luminal B, HER2 enriched and basal-like). Most basal-like tumors are included in TNBCs
(they represent 70%-80% of the TNBCs)[3]. Lehmann et al[4] identified 6 different subtypes using DNA
and RNA profiles in TNBC [“basal-like 1” (BL1), “basal-like 2” (BL2), “immunomodulatory” (IM),
“mesenchymal” (M), “mesenchymal stem-like” (MSL) and “luminal androgen receptor” (LAR)] each
with particular characteristics. BL1 and IM tumors have a higher sensitivity to DNA-damaging agents
such as platinum and are associated with a young age at diagnosis. They are also the subtype with the
highest pathological complete response (pCR) rate (65.6%) followed by BL2 (36.4%) in a cohort of
patients treated with platinum-based neoadjuvant therapy (n = 97). The LAR subtype has the lowest
PCR rate (21.4%)[4].

Although breast cancer has traditionally been considered a non-immunogenic tumor, multiple
studies have shown that TNBC can stimulate the immune system. Compared with luminal breast
cancer, TNBC has a higher tumor mutational burden (TMB), elevated levels of PD-L1 expression and
increased levels of tumor infiltrating lymphocytes (TILs) in the tumor microenvironment which are
associated with higher rates of pCR to neoadjuvant chemotherapy and efficacy to immunotherapy
which justifies the use of immunotherapy in this subtype[5].

Due to advances in the molecular characterization of TNBC, with addition of immunotherapy, new
therapeutic agents including poly ADP-ribose polymerase-1 (PARP) inhibitors, tyrosine kinase
inhibitors (TKI), checkpoint inhibitors, antiandrogens, antibody-drug conjugates (ADC) and other
targeted therapies are being researched. Moreover, ongoing trials are evaluating immunotherapy
(immune checkpoint inhibitors) in combination with PARP inhibitors in a series of cancers including BC

[6].

IMMUNOTHERAPY AGENTS APPROVED IN TNBC

The high mutational burden of the TNBC was determined to lead to the synthesis of abnormal proteins,
acting as "neoantigens" which will be recognized by the antigen presenting cells and would initiate an
antitumor immune response[7].

Early-stage TNBC has a high TIL infiltrate but breast cancer has not traditionally been considered
immunogenic. Recent trials demonstrate TIL infiltrate has a high expression of PD-1 (and other
inhibitory checkpoint molecules). TNBC has potential therapeutic targets such as immune checkpoint
inhibitors (ICIs) (anti-PD-1/PD-L1 agents) in metastatic and the early-stage scenario[8] (Table 1).
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Table 1 Randomized phase Il/lll immunotherapy trials en triple-negative breast cancer

Recruitment Magnitude of clinical benefit
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Scenario Trial Phase n Intervention — -
Status PFS (mo) 0S (mo) Additional information
Neoadjuvant NCT03639948 I 100 Carboplatin + Docetaxel + Pembrol- Recruiting
izumab
NCT03289819 I 50  Pembrolizumab + Nab-paclitaxel — Recruiting
Pembrolizumab + Epirubicin and
Cyclophosphamide
NCT03356860 (B- I 57  Paclitaxel + Epirubicin + Cyclophos- Recruiting
IMMUNE) phamide + Durvalumab
NCT02685059 I 174  Epirubicin + Nab-paclitaxel + Cyclophos-  Active, no
(GeparNuevo) (June phamide + Durvalumab recruiting
2018)
Population: Early TNBC PCR was increased to 53.4% with Durvalumab vs 44.2%
with chemotherapy alone, not being statistically
significant (P = 0.048)
In the PD-L1 (+) subgroup: pCR 58% vs 50.7% (P =
0.363)
PCR was increased in patients with high levels of TILs y
TMB-H (P < 0.01)
3-yr iDFS was 84.9% with durvalumab vs 76.9% with
placebo (HR: 0.54, 0.27-1.09, P = 0.0559); 3-yr DDFS
91.4% vs 79.5% (HR: 0.37, 0.15-0.87, P = 0.0148); 3-yr OS:
95.1% vs 83.1% (HR: 0.26, 0.09-0.79, P = 0.0076)
Neoadjuvant/ Adjuvant NCT03036488 1II 1174 Carboplatin + Paclitaxel + AC (anthra- Active, no Co-primary endpoints were pCR and EFS
(KEYNOTE-522) cycline + cyclophosphamide) +/- recruiting
(August 2020) Pembrolizumab — Adjuvant Pembrol-
izumab
Population: Early TNBC PCR: 64.8% in Pembro group vs 51.2% with placebo (P <
0.001)
The benefit of Pembro in pCR was consistent in all
subgroups, including PD-L1 (+): pCR 68.9% vs 54.9% (P
<0.001)
A statistically benefit was observed in EFS (HR: 0.63,
0.48-0.82)
Pembro showed a favorable trend in OS (HR: 0.72, 0.52-
1.02)
NCT02620280 1II 280 Carboplatin/nab-paclitaxel +/- Atezol- Active, no Primary endpoint was pCR
(NeoTRIPaPDL1) izumab — anthracycline (AC/EC) recruiting
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(December 2019)

NCT03281954

NCT03197935
(IMpassion031)
(September 2020)

Adjuvant (for patients with NCT02954874
residual disease after

neoadjuvant chemotherapy) NCT03756298
Adjuvant NCT03498716

(IMpassion030)

NCT02926196 (A-
Brave)

Locally advanced or mTNBC NCT02768701
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284

2300

335
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Population: Early TNBC

Doxorubicin + Cyclophosphamide +
Paclitaxel + Carboplatin +/- Atezol-
izumab — Atezolizumab

AC (doxorubicin + cyclophosphamide) +

Nab-paclitaxel +/- Atezolizumab —
Adjuvant Atezolizumab

Population: Early TNBC

Pembrolizumab vs observation

Capecitabine +/- Atezolizumab

Paclitaxel — dd Doxorubicin/Epirubicin +

Cyclophosphamide +/- Atezolizumab

Avelumab vs observation

Cyclophosphamide + Pembrolizumab
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Recruiting

Active, no
recruiting

Recruiting
Recruiting

Recruiting

Recruiting

Active, no
recruiting

The pCR rates were not statistically significant between
both groups: 43.5% with atezolizumab vs 40.8% with
chemotherapy alone

A multivariate analysis showed that the only variable
associated with pCR was the PD-L1 (+) status: pCR
51.9% vs 48% (P < 0.0001)

These results differ from KEYNOTE-522, where
pembrolizumab achieved significant rates of pCR in a
similar population

PCR was 58% in Atezolizumab group vs 41% in placebo
group (P = 0.0044)

In the PD-L1 (+) population, pCR was 68.8% in the
Atezolizumab group vs 49.3% in the placebo group (P =
0.021)

A favorable trend was obtained in EFS (immature data)
(HR: 0.76, 0.40 -1.44)

In patients with early TNBC, neoadjuvant treatment of
Atezolizumab + nab-paclitaxel and an anthracycline-
based regimen achieve higher rates of pCR, with an
acceptable safety profile

Primary endpoint was iDFS

Secondary endpoints were iDFS according to PD-L1
status and nodal affectation, OS, safety, y health related
to a QoL

This trial evaluates patients in two groups: (1) Primary
TNBC patients who completed surgery followed by
adjuvant therapy; and (2) Primary TNBC patients with
residual disease after neoadjuvant chemotherapy (did
not achieve pCR)

The first and second co-primary endpoints are DFS in
all patients and DFS in B group
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Carboplatin, Nab-paclitaxel y Pembrol- Recruiting

izumab

Control or irradiation 3 x 8 Gy or oral Active, no

cyclophosphamide or Cisplatin or recruiting

Doxorubicin — anti-PD-1 (Nivolumab)

Nab-paclitaxel or Paclitaxel or Active, no

Carboplatin/Gemcitabine +/- Pembrol- recruiting

izumab

Population: First-line mTNBC

Capecitabine, Eribulin, Gemcitabine, or Active, no

Vinorelbine vs Pembrolizumab recruiting

Population: Second and third-line mTNBC

Pembrolizumab monotherapy Active, no
recruiting

Atezolizumab + Nab-paclitaxel Active, no

(comparator: placebo + Nab-paclitaxel) recruiting
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9.7 vs 5.6 (HR:
0.82) in CPS 210

21vs2.1 (HR:
1.14)

7.5vs 5.5 (HR:
0.62, P < 0.001)

12.7 95 10.7 (HR:
0.78)

25.0v515.5 (HR:
0.62)
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Five cohorts were included in the randomization, all
followed by nivolumab

Opverall, the ORR was 20%

Most responses were observed with cisplatin (ORR:
23%) and doxorubicin (ORR: 35%)

Co-primary endpoints were PFS and OS (this latter is
pending outcome)

Pembro treatment was statistically significant only for
patients with high levels of PD-L1 (expressed in CPS >
10)

Pembro + chemotherapy showed a significant increase
in PFS among mTNBC patients

A recent update showed that KEYNOTE-355 trial met
primary endpoint of OS in patients with mTNBC whose
tumors expressed PD-L1 (CPS 2 10)

Pembro did not show improvement in OS or PES as
2L /3L of treatment for mTNBC vs chemotherapy (OS:
9.9 mo vs 10.8 mo, HR: 0.97, 0.82- 1.15)

OS in tumors with CPS > 10: 12.7 mo vs 11.6 mo (HR:
0.78, 0.57-1.06)

A greater benefit was obtained in OS/PFS in tumors
with high levels of PD-L1 (expressed in the CPS score)

Pembro was well tolerated and had less adverse events
compared with chemotherapy

Primary endpoint: ORR in the total population and PD-
L1 (+)

ORR was 5.3% in the total population, and 5.7% in the
PD-L1 (+) population

Pembro demonstrated antitumor activity in patients
previously treated with mTNBC (= 1 systemic
treatments)

In the analysis of the ITT population, the median PFS
was 7.2 mo vs 5.5 mo (HR: 0.80, P = 0.002). In PD-L1 (+)
patients, the median PFS was 7.5 mo vs 5.5 mo (HR:
0.62, P < 0.001)
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NCT03125902
(IMpassion131)
(September 2020)

NCT03371017
(IMpassion132) (early
recurrence)

Population: First-line mTNBC In the analysis of the ITT population, the median OS
was 21.3 mo vs 17.6 mo (HR: 0.84, P = 0.08). In PD-L1
(+) patients, the median OS was 25.0 mo vs 15.5 mo

(HR: 0.62)

Final analysis showed that OS benefit with atezol-

izumab + nab-paclitaxel in the ITT population was not
statistically significant, but a clinically meaningful OS

benefit was observed in PD-L1 IC-(+) patients

1II 600 Paclitaxel +/- Atezolizumab (comparator:  Active, no 5.7 v5 6.0 (HR: 221vs28.3 (HR: Primary endpoint was PFS
placebo + paclitaxel) recruiting 0.82, P = .20) in 1.12) in PD-L1
PD-L1 (+) (+) population
Population: First-line mTNBC population

In the ITT population, the median PFS was 5.7 mo in

atezolizumab group vs 5.6 mo in placebo group (HR:

0.86)

0S:19.2 mo vs 22.8 mo (HR: 1.11, 0.87-1.42)

The 2-yr OS rates were 51% and 49% in placebo and

atezolizumab groups, respectively

I 350 Carboplatin + Gemcitabine or Recruiting Primary endpoint was OS

Capecitabine +/- Atezolizumab

Estimated completion date: July 2023

CPS: Combined positive score; dd: Dense dose; DDFS: Distant-disease free survival; DFS: Disease-free survival; EFS: Event-free survival; HR: Hazard ratio; IC: immune cells; iDFS: Invasive disease-free survival; ITT: Intention to treat;

mTNBC: Metastatic triple-negative breast cancer; pCR: Pathological complete response; PFS: Progression-free survival; ORR: Objective response rate; OS: Overall survival; QoL: Quality of life; TNBC: Triple-negative breast cancer.
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In the early stage scenario there are considerations for the addition of immunotherapy to
chemotherapy in the neoadjuvant setting: the benefit of improving the pCR rates (KEYNOTE-522,
IMpassio031), and the risks regarding toxicities (immune related adverse events in a potentially curable
setting) and costs.

Atezolizumab

Atezolizumab is a humanized anti-PD-L1 monoclonal antibody, non-glycosylated IgG1 that binds to
PD-L1 and blocks interaction with PD-1 and B7.1 (a co-stimulatory protein on the cell surface) that
induces a reactivation of the antitumor immune response without antibody-induced cellular cytotoxicity

[9].

Atezolizumab monotherapy in mTNBC: A phase I study (Schmid et al[10], 2017) that evaluated the
safety and tolerability of atezolizumab single-drug (primary endpoints), demonstrated an antitumor
activity and safety with the use of atezolizumab in patients with mTNBC (n = 116). It was also observed
that the greatest benefit was in patients who received atezolizumab in the first line and among those
with high levels of TILs and PD-L1 immune cells (IC)[10].

Other measured endpoints were overall survival (OS) (41% at 1 year, 19% at 2 years, and 16% at 3
years) and the PD-L1 IC > 1% was associated with a higher objective response rate (ORR) (12% vs 0%)
and higher OS (10.1 mo vs 6 mo, respectively). Atezolizumab was well tolerated and provides clinical
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benefit in patients with mTNBC. 100% of the patients who responded to atezolizumab were alive at 1
year vs 38% of non-responders[10].

Atezolizumab + nab-paclitaxel in mTNBC (IMpassion130): The IMpassion130 (November 2018), phase
III, randomized trial evaluated patients with mTNBC or unresectable locally advanced disease without
previous treatment (n = 902) and regardless of PD-L1 expression, who were randomized (in a 1:1 ratio)
to receive nab-paclitaxel (100 mg/m?on days 1, 8 and 15 every 28 d) in association with atezolizumab
(840 mg IV on days 1 and 15 every 28 d) or with placebo until disease progression or limiting toxicity
[11]. The two primary end points were progression-free survival (PFS) [in the intention-to-treat (ITT)
population and PD-L1 positive subgroups] and OS (tested in the ITT population; if the finding was
significant, it would be tested in the PD-L1 (+) subgroup). Stratification factors were: receipt or
nonreceipt neoadjuvant or adjuvant taxane therapy, presence or absence of liver metastases at baseline,
and PD-L1 expression at baseline (positive vs negative) according to immunohistochemical testing
(Ventana SP142). The trial was initially designed to assign 350 patients for the evaluation of primary end
point (PFS), but during the course of trial, enrollment was expanded to about 900 patients to
accommodate the addition of OS as a second primary end point. 41% of the patients were PD-L1 (+)
[11]. The possible rationale for using taxane-based chemotherapy is that it can enhance tumor antigen
release and antitumor response to checkpoint inhibitors. Furthermore, nab-paclitaxel can promote
dendritic cell activity and was used to avoid the interaction between atezolizumab and corticosteroids
(under the rationale that the use of corticosteroids could decrease the immune response of anti-PD-L1
therapy). In addition, nab-paclitaxel has a decreased risk of hypersensitivity reactions and does not
require corticosteroid treatment[12].

After a median follow-up of 12.9 mo in the ITT population, the addition of atezolizumab to nab-
paclitaxel increased the median PFS (7.2 mo with atezolizumab + nab-paclitaxel vs 5.5 mo with placebo
+ nab-paclitaxel, hazard ratio [HR]: 0.80, 95% confidence interval [CI]: 0.69-0.92, P = 0.002), although this
did not increase OS (21.3 mo with atezolizumab + nab-paclitaxel vs 17.6 mo with placebo + nab-
paclitaxel, HR: 0.84, 95%ClI: 0.69-1.02, P = 0.08). However, in the subgroup of PD-L1 (+) patients (defined
as PD-L1 expression in tumor infiltrating immune cells > 1% of the tumor area), the median PFS (7.5 mo
vs 5.0 mo, HR: 0.62, 95%CI: 0.49-0.78, P < 0.001) and OS (25 mo vs 15.5 mo, HR: 0.62, 95%ClI: 0.45-0.86)
was improved with the combination of atezolizumab + nab-paclitaxel compared to placebo + nab-
paclitaxel[11].

Regarding adverse events, the frequency of grade > 3 adverse events (AEs) was 48.7% in the atezol-
izumab + nab-paclitaxel group and 42.2% in the placebo + nab-paclitaxel group, with neutropenia (8%),
peripheral neuropathy (6%), fatigue (4%) and anemia (3%) being the most common events in both
groups. Grade > 3 immune-related events (irAEs) occurred in 7.5% and 4.5% of the atezolizumab + nab-
paclitaxel and placebo + nab-paclitaxel groups, respectively. Authors conclude that atezolizumab + nab-
paclitaxel prolonged PFS among patients with mTNBC in both ITT population and PD-L1 (+) subgroup
[11].

An OS data update from a second interim analysis of a median follow-up of 18 mo showed an OS of
21.0 mo in the atezolizumab + nab-paclitaxel group vs 18.7 mo in the placebo + nab-paclitaxel group (P
= 0.0777) on ITT. In the PD-L1 (+) subgroup, OS was 25.0 mo vs 18.0 mo (HR: 0.71). This update
confirms the benefit in OS of the population with PD-L1 (+)[13]. Very recently, a final OS analysis from
the IMpassion130 trial was published: final OS data from IMpassion130 agree with prior interim
analysis. The OS benefit in the ITT population was not statistically significant (21.0 mo vs 18.7 mo, HR:
0.87,95%ClI: 0.75-1.02, P = 0.077). Data showed clinically meaningful OS benefit with the combination of
atezolizumab + nab-paclitaxel in the PD-L1 IC-positive population (25.4 mo vs 17.9 mo, HR: 0.67, 95%CI:
0.53-0.86), 3-year OS rates in the PD-L1 group were 35.8% using atezolizumab + nab-paclitaxel vs 22.2%
in the placebo group and no new safety events were reported with longer follow-up. The authors
conclude that although OS benefit in the ITT population was not statistically significant, a clinical
meaningful OS benefit was reported in PD-L1 IC-positive patients with atezolizumab + nab-paclitaxel.
The statistical results of this trial (ITT population) were negative[14].

In conclusion, the combination of atezolizumab plus nab-paclitaxel prolongs PFS and OS in the
mTNBC subgroup with PD-L1 (+) but not in the intention-to-treat (ITT) population, changing the
treatment paradigm with patients in the metastatic setting. This combination has been initially included
in international clinical practice guidelines (currently NCCN guidelines removed this option)[15] (IB,
ESMO guidelines)[16] and the FDA (Food and Drug Administration) accelerated approval in March
2019 for its use in the treatment of patients with mTNBC or unresectable locally advanced disease with
PD-L1 positive using a validated test[7]. This was the first approval of atezolizumab and of an immuno-
therapy regimen for the treatment of breast cancer[17]. It is important to note that the FDA has granted
accelerated approvals to oncology medicines on the basis of evidence that suggests a benefit to patients,
however many immunotherapies (atezolizumab, pembrolizumab, nivolumab, durvalumab) approval
are under evaluation since the approval is based on a surrogate endpoint and it requires a confirmatory
trial with a clear benefit. In addition, four indications were voluntarily withdrawn by manufacturers
(nivolumab in metastatic small cell lung cancer, durvalumab in locally advanced or metastatic urothelial
carcinoma, pembrolizumab for metastatic small cell lung cancer and atezolizumab for metastatic
urothelial carcinoma)[18]. Although in April 2021 the FDA Oncologic Drugs Advisory Committee
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(ODAC) voted 7 to 2 in favour of maintaining accelerated approval of atezolizumab in combination with
nab-paclitaxel for the treatment of adults with unresectable locally advanced or mTNBC whose tumours
express PD-L1. In August 2021, the manufacturer announced that it was voluntarily withdrawing
atezolizumab indication for BC in United States. Due to recent changes in the treatment landscape
(including IMpassion131 results) the FDA will no longer consider it appropriate to maintain the
accelerated approval for atezolizumab in BC. The indication received accelerated approval based in
benefit in PFS and OS of IMpassion130, but there was no difference in survival advantage in PD-L1 (+)
nor ITT population of IMpassion131[19,20].

Ventana SP142: In the IMpassion130 study, not only was the approval of atezolizumab in combination
with chemotherapy achieved, but the FDA also approved the antibody diagnostic measurement test
“Ventana PD-L1 SP142 assay”, to select TNBC patients to receive treatment with atezolizumab, and
perhaps it could be considered a predictive biomarker[21]. Tumor samples were evaluated by immuno-
histochemistry to evaluate the expression of PD-L1 (Ventana SP142) in tumor infiltrating immune cells
(PD-L1 IC), using a 2-level system: “a percentage of tumor area” < 1% (= PD-L1 negative) or > 1% (=
PD-L1 positive). The study revealed that patients whose tumors were positive for PD-L1 (approximately
41%) and received atezolizumab + nab-paclitaxel had a better median PFS compared to placebo + nab-
paclitaxel (7.2 mo vs 5.5 mo)[11]. In the PD-L1 (+) subgroup, the ORR was 59% with atezolizumab + nab-
paclitaxel compared to 43% in the placebo + nab-paclitaxel group. Furthermore, 10% of the patients in
the atezolizumab group achieved complete response (CR) compared to only 1% in the placebo group
[17] (Table 2).

Atezolizumab + paclitaxel in TNBC (IMpassion131): IMpassion131, a phase III randomized trial,
evaluated the combination of atezolizumab + paclitaxel compared with placebo + paclitaxel in patients
with unresectable locally advanced disease or mTNBC who had not received prior therapy or =12 mo
since neoadjuvant chemotherapy) (n = 651). Forty-five percent of patients were PD-L1 (+), 48% were
treated with taxanes, 31% had mTNBC, and 27% had liver metastases. The primary endpoint of
IMpassion131 was PFS, and there was no significant difference in PFS between the atezolizumab group
vs placebo in PD-L1 (+) patients: 5.7 mo vs 6.0 mo, respectively (HR: 0.82, P = 0.20) or in the ITT
population: median PFS was 5.6 vs 5.7 in the atezolizumab and placebo groups, respectively (HR: 0.86).
Even in the OS analysis, no benefit was demonstrated with atezolizumab in the ITT population or in the
PD-L1 (+) population. Regarding AEs, grades 3-4 were similar in both groups (43% vs 49%)[22].

In IMpassion130 trial, atezolizumab + nab-paclitaxel did not improve OS in ITT but resulted in a
“clinically significant” improvement in OS in PD-L1 (+) patients. The results of the IMpassion130 trial
demonstrated the benefit of atezolizumab in combination with nab-paclitaxel. However, the results
were divergent in the IMpassion131. Potential reasons for the divergent results between the two studies
are under investigation. Tumor heterogeneity could be a reason. Other reasons could be the use of
concomitant corticosteroids (necessary for paclitaxel infusion) may have a negative effect on the
immunotherapy activity (checkpoint inhibitors); likewise, the differences in the study populations may
have a role, as well as the cremophor associated with paclitaxel.

In July 2021, primary results from IMpassion131 have been published. Neither PFS or OS were
improved with the combination of atezolizumab + paclitaxel in PD-L1 (+) nor ITT population. The
baseline characteristics of the populations in both trials were similar, including median PFS in control
groups (5.6 mo with paclitaxel alone vs 5.5 mo with nab-paclitaxel alone). Ongoing research may be
valuable to explain possible reasons for the IMpassion131 results; authors said the lack of information
on BRCA status could be a limitation, as imbalances between treatment arms for this prognostic
biomarker may not be detected. In addition, findings from IMpassion131 differ with KEYNOTE-355
results, which evaluated pembrolizumab and more chemotherapy backbones (nab-paclitaxel, paclitaxel,
gemcitabine/carboplatin). Despite the main goal of KEYNOTE-355 was similar to that of IMpassion131
and there were important differences regarding eligibility, statistical design, PD-L1 testing and
chemotherapy regimens[22].

Atezolizumab + adjuvant chemotherapy (Impassion 030): A pending question is to determine the
effectiveness of anti-PD-1/PD-L1 in the adjuvant setting. Several studies are underway including
IMpassion030, a phase II study evaluating atezolizumab + adjuvant chemotherapy vs placebo +
chemotherapy[23].

Pembrolizumab

Pembrolizumab monotherapy in mTNBC (KEYNOTE-119): Pembrolizumab showed antitumor
activity and a manageable toxicity profile in TNBC in the umbrella study KEYNOTE-012 (June 2017), a
phase Ib study that evaluated the use of immunotherapy in advanced solid tumors. In the subgroup of
patients with TNBC, an ORR of 18.5%, a stable disease rate (SD): 25.9%, partial response (PR): 14.8% and
complete response (CR): 3.7% rates were obtained[24].

Then, the KEYNOTE-086 (March 2019) phase II study, which evaluated the use of pembrolizumab for
up to 2 years as a second or subsequent line of treatment in patients with mTNBC (that previously
received anthracyclines and taxanes). The primary endpoint was ORR in the subgroup of patients with
PD-L1 (+). As results, an ORR of 4.7%, SD of 20.6%, PR of 4.1% and CR of 0.6% were obtained. In the
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Table 2 Common commercially monoclonal programmed death ligand 1 antibodies for inmunohistochemical analysis to assess the

expression of programmed death ligand 1 (considering Food and Drug Administration approvals)

PD-L1 antibody Immunotherapy IHC assay Cut-off Line
22C3 Pembrolizumab DAKO TPS2>1% 1L
TC=1% 2L
28-8 Nivolumab DAKO TC21% 2L
SP142 Atezolizumab Ventana TC250% and/or IC > 1L
10%
TC21% and/orIC21% 2L
SP263 Durvalumab Ventana TC=1% 1L maintenance, in unresectable
stage III after chemoradiation
therapy
Nivolumab TC=1% 2L
Pembrolizumab TC=50% 1L
73-10 Avelumab DAKO TC=1% 2L (not approved)

Notes: (1) Atezolizumab in combination with nab-paclitaxel is approved as 1L of treatment for patients with unresectable locally advanced or metastatic

triple-negative breast cancer (n\TNBC) whose tumors express programmed death ligand 1 (PD-L1) immune cells (IC) (PD-L1 stained tumor-infiltrating IC

of any intensity covering 2 1% of the tumor area), as determined by a Food and Drug Administration (FDA) approved test (Ventana SP142); and (2)

Pembrolizumab with chemotherapy is approved as 1L of treatment for patients with locally recurrent unresectable or mTNBC whose tumors express PD-
L1 CPS 2 10, as determined by an FDA approved test (PD-L1 IHC 22C3 PharmDx). CPS: Combined positive score; IC: Immune cell; IHC:
Immunohistochemistry; TC: Tumor cell; TPS: Tumor proportion score; 1L: First-line; 2L: Second-line; PD-L1: Programmed death ligand 1.
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latter, the response was independent of PD-L1 expression [4.8% in patients with PD-L1 (+) vs 4.7% PD-
L1 (-)][25].

Subsequently, the KEYNOTE-119 (September 2019), phase III, open-label, randomized study was
presented which used pembrolizumab monotherapy (1 = 312) vs single agent chemotherapy (n = 310) in
previously treated mTNBC patients (1-2 prior systemic treatments). The patients were stratified in PD-
L1 (+) and (-). The primary endpoint was OS in patients with a combined positive score (CPS) > 10,
patients with CPS > 1, and all patients. Secondary endpoints were PFS, ORR and safety. As results,
pembrolizumab did not improve OS in patients with CPS > 10 or CPS 2 1. In an exploratory analysis of
patients with CPS > 20, the median OS was 14.9 mo vs 12.5 with chemotherapy (HR: 0.58, 95%CI: 0.38-
0.88), no improvement in PFS was observed. Grade 3-5 AEs were 14% vs 36% with chemotherapy. In
conclusion, this monotherapy treatment did not improve significantly as a second or third line of
treatment for mTNBC vs chemotherapy, but it was well tolerated and had a lower toxicity than
chemotherapy|[26].

Pembrolizumab + chemotherapy in mTNBC (KEYNOTE-355): Since pembrolizumab monotherapy
showed antitumor activity in mTNBC patients, the KEYNOTE-355 (December 2020), phase III,
randomized study evaluated the addition of pembrolizumab to chemotherapy in previously untreated
patients with inoperable disease or mTNBC (1 = 847), in two groups: pembrolizumab (200 mg IV every
21 d) plus nab-paclitaxel (100 mg/m?on days 1, 8 and 15 of a 28-d cycle), paclitaxel (90 mg/m?on days 1,
8 and 15 of a 28-d cycle), or gemcitabine (1000 mg/m?) with carboplatin (AUC 2 on days 1 and 8 of a 21-
d cycle) vs placebo plus chemotherapy. The co-primary endpoints were PFS and OS, evaluated in the
PD-L1 subgroup with CPS =10, CPS 2 1, and in the ITT population[27]. As results, among patients with
CPS = 10, the median PFS was 9.7 mo in the pembrolizumab group vs 5.6 mo in the placebo group
(statistically significant) (HR: 0.65, 0.49-0.86, P = 0.0012). Among patients with CPS > 1, median PFS was
7.6 mo vs 5.6 mo (HR: 0.74, 0.61-0.90, P = 0.0014) (not significant) and in the ITT population, median PFS
was 7.5 mo vs 5.6 mo (HR: 0.82, 0.67-0.97). The effect of pembrolizumab was increased in the enriched
PD-L1 population (CPS 2 10). In the subgroup analysis, in the ITT population there was more benefit
when pembrolizumab is used with paclitaxel, followed by nab-paclitaxel and gemcitabine/carboplatin,
showing an asymmetry of chemotherapy regimens used with anti-PD-1 therapy. Similar results were
observed in the population with CPS > 1. Regarding AEs, grades 3-5 were 68% in the pembrolizumab
group vs 67% in the placebo group, including death in < 1% in the pembrolizumab group vs 0% in the
placebo group. In conclusion, pembrolizumab associated with chemotherapy showed a significant
clinical improvement in PFS vs placebo in mTNBC patients with CPS of 10 or more[27].

The authors suggest a role in adding pembrolizumab to standard first-line chemotherapy in mTNBC.
In fact, NCCN guidelines recommend pembrolizumab (associated to chemotherapy) as first-line
treatment options in mTNBC (category 1, preferred as first-line therapy)[15].
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It should be noted that, to date, ESMO guidelines do not recommend the use of immunotherapy in
subsequent lines for mMTNBC due to its low response rates (IB, ESMO)[16].

In the San Antonio Breast Cancer Symposium (SABCS) 2020, new findings from the KEYNOTE-355
trial were presented. Pembrolizumab plus chemotherapy improved PFS, ORR, durable CR and duration
of response for patients with locally recurrent, unresectable or mTNBC with tumors expressing PD-L1
and a CPS 2 10. This additional endpoint results showed the PFS benefit for the addition of pembrol-
izumab to chemotherapy, regardless of which chemotherapy partner was chosen, particularly in PD-L1
enriched (CPS = 10) patients[28].

In the ITT population, the median PFS in the pembrolizumab and placebo groups was 7.5 mo vs 5.4
mo when given with nab-paclitaxel, 8.0 mo vs 3.8 mo with paclitaxel, and 7.4 mo vs 7.4 mo with
gemcitabine plus carboplatin. The hazard ratios (HRs) favored pembrolizumab over placebo, at a
significant HR: 0.69 and HR: 0.57 for nab-paclitaxel and paclitaxel, respectively, and a nonsignificant
HR: 0.93 for gemcitabine plus carboplatin. When stratified by PD-L1 expression, patients with a CPS =
10 or CPS = 1 had longer PFS with pembrolizumab. The trial was not powered to compare efficacy
among treatment groups by different chemotherapy regimens[28].

In patients with CPS 2 10, secondary endpoints favored pembrolizumab plus chemotherapy
compared with chemotherapy alone (ORR: 53.2% vs 39.8%, disease control rate: 65% vs 54.4%). The
authors conclude these findings support a role of addition of pembrolizumab to standard chemotherapy
for the first-line treatment of mTNBC[28].

In ESMO Congress 2021 (September 2021) final results from the KEYNOTE-355 confirmed pembrol-
izumab + chemotherapy met dual primary endpoints (PFS and OS) in patients with mTNBC whose
tumors expressed PD-L1 (CPS = 10). For all endpoints, the pembrolizumab effect increased with PD-L1
enrichment. No new safety signals were identified[29].

Recently, in SABCS 2021 (December 7-10%, 2021), final results of pembrolizumab plus chemotherapy
in mTNBC were presented and demonstrated that the addition of pembrolizumab yielded significant
survival over placebo. The authors suggested that a CPS 2 10 is considered a “reasonable” cutoff to
determine expected treatment benefit[30].

PD-L1 IHC 22C3 pharmDx: The determination of PD-L1 status in the KEYNOTE-355 trial was assessed
the PD-L1 IHC 22C3 pharmDx assay and characterized by the CPS, defined as the number of PD-L1
positive cell (tumour cells, lymphocytes and macrophages) divided by total number of tumour cells x
100. PD-L1 (+) tumours are classified as CPS 210 and CPS 2 1, and PD-L1 (-) tumours are classified as
CPS < 1. The PFS and OS analysis in the KEYNOTE-355 trial was stratified using CPS =10, CPS =21 and
the ITT population[27].

Based on KEYNOTE-355 results, in November 2020, the FDA granted accelerated approval to
pembrolizumab (200 mg IV every 3 wk or 400 mg every 6 wk prior to chemotherapy) in combination
with chemotherapy for the treatment of patients with locally recurrent unresectable or mTNBC whose
tumors express PD-L1 (CPS 2 10) as determined by an FDA approved test. The FDA also approved the
use of PD-L1 IHC 22C3 pharmDx (Dako North America Inc.) as a companion diagnostic test for
selecting patients with TNBC who may be appropriate for treatment with pembrolizumab[31].

Pembrolizumab + neoadjuvant chemotherapy (KEYNOTE-522): Pembrolizumab associated to
neoadjuvant chemotherapy demonstrated antitumor activity and safety in patients with early TNBC in
the I-SPY 2 and the KEYNOTE-173 studies. The I-SPY 2 (September 2017), phase II randomized study
designed to test new treatments by identifying therapies based on molecular characteristics included
patients with HER2 negative, stage II - III breast cancer who were randomized to receive weekly
neoadjuvant paclitaxel with or without pembrolizumab (200 mg IV every 3 wk x 4 cycles) followed by
AC (every 3 wk x 4 cycles). In the TNBC subgroup (n = 118), it was demonstrated that the combination
in the neoadjuvant setting increases pCR up to 3 times more (62.4% vs 22.3%, respectively) compared to
the control[32].

Subsequently, the results of the KEYNOTE-522 (August 2020), phase III study, which included
patients with non-metastatic TNBC, without previous treatment (n = 1174), were randomized 2:1 to
receive pembrolizumab (200 mg every 3 wk) or placebo, both given with 4 cycles of paclitaxel +
carboplatin, followed by 4 cycles of doxorubicin or epirubicin + cyclophosphamide (neoadjuvant
phase). After surgery, patients received either pembrolizumab or placebo for 9 cycles until recurrence or
unacceptable toxicity (adjuvant phase). The co-primary endpoints were pCR and event-free survival
(EFS). As results, a pCR was achieved in 64.8% of the pembro group vs 51.2% with placebo (P < 0.001).
The benefit in pCR with pembrolizumab was consistent across all subgroups, including those with PD-
L1 (+). After a median of 15.5 mo, 7.4% of the pembro group and 11.8% of the placebo group had disease
progression, local or distant recurrence, or death from any cause (HR: 0.63). The safety of pembrol-
izumab was consistent with previous studies. In conclusion, pCR was higher in patients receiving
pembro + neoadjuvant chemotherapy compared with placebo[33]. A post-hoc analysis showed a better
PCR difference in pembrolizumab group vs placebo group in clinical stages (CS) IIIA (66.7% vs 42.1%, A
24.6) and I1IB (48.6% vs 23.1%, A 25.6), also a better pCR difference by lymph node involvement: positive
(64.8% vs 44.1%, A 20.6) vs negative (64.9% vs 58.5%, A 6.3).
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An update of the KEYNOTE-522 trial (presented in ESMO virtual plenary, 15-16 July 2021) showed
that at the median follow-up of 39 mo, pembrolizumab had a statistically and clinically significant EFS
benefit (HR: 0.63, 95%Cl: 0.48-0.82, P = 0.0003) compared with chemotherapy alone. At a 3-year follow-
up, EFS was 84.5% in the pembrolizumab group compared with 76.8% in the placebo group. The most
common event was distance recurrence (7.7% with pembrolizumab group vs 13.1% with placebo group).
Moreover, pembrolizumab showed a favorable trend in overall survival (OS) (HR: 0.72, 95%CI: 0.51-
1.02). Regarding the adverse events (AEs), the immune-mediated AEs (IMAEs) of any grade were found
in 43.6% of pembrolizumab group vs 21.9% in the placebo group. The most common AEs reported with
pembrolizumab were infusion reactions and hypothyroidism[34]. Based on results of the KEYNOTE-
522, on July 2021, the FDA approved pembrolizumab for high-risk early-stage TNBC in combination
with chemotherapy as neoadjuvant treatment. This is the first immunotherapy approved for early-stage
TNBCI[35].

DIFFERENCES BETWEEN IMPASSION130 AND KEYNOTE-355 TRIALS IN mTNBC

To clarify, the IMpassion130 and KEYNOTE-355 trials have similar designs and results are consistent.
The overall survival results are expected to be similar and the benefit was in PD-L1 (+) patients,
suggesting that the direction is identifying the presence of a biomarker (PD-L1 status).

One difference is the way the authors define PD-L1 (+) by immunohistochemistry at a central
laboratory and the companion diagnostic methods: in IMpassion130 trial they look at PD-L1 expression
of ICs (IC score: greater than 1% of the area of tumor, using SP142 assay), meanwhile, in the KEYNOTE-
355, the authors used a different antibody (22C3) to look at PD-L1 expression (CPS: a combination of
PD-L1 staining on ICs and the tumor cells, looking for immune cell staining and tumor cell staining
greater than 10% of the area). SP142 was seen in 41% of PD-L1 (+) patients but the 22C3 is much higher
(is close to 80%)[13,29]. Diagnostic companions can link or homogenize cut-off points of validated tests
in order to obtain similar results.

Another difference is that the KEYNOTE-355 includes several standard chemotherapy regimens as
taxanes (paclitaxel, nab-paclitaxel) or gemcitabine-carboplatin (IMpassion130 only used nab-paclitaxel
as chemotherapy regimen) and patients with early recurrences, thereby offering more treatment options
to a population with a high unmet medical need. It is important to note that the KEYNOTE-355 trial was
not designed to compare chemotherapy regimens but the last update shows a trend of benefit using
taxanes instead of gemcitabine-carboplatin in addition to pembrolizumab[29].

EMERGING BIOMARKERS OF RESPONSE TO IMMUNOTHERAPY IN TNBC

The results obtained in the PD-L1 (+) subgroup of the IMpassion130 trial confirm the benefit of
immunotherapy in mTNBC. However, PD-L1 is not the ideal biomarker to select patients for anti-PD-
1/anti-PD-L1 therapies as it has been shown in other cancers. Therefore, there is an urgent need for
identification and implementation of emerging biomarkers that can predict response to immuno-
therapy.

TiLs

High levels of TILs have been shown to have a prognostic value in patients with HER2 (+) breast cancer
and TNBC, as a predicting factor of pathological complete response (pCR) to chemotherapy and its high
expression seems to be linked to a better prognosis after adjuvant therapy as well as a reduction in the
risk of recurrence[36].

TILs are frequently present in TNBC (around 20%) and they are associated with a good prognosis[37,
38]. The characterization of the immune lymphocytic infiltrates, with the presence of a high number of T
lymphocytes (CD8+ TILs), defines a better prognosis for neoadjuvant (higher pCR) and adjuvant
chemotherapy (higher DFS and OS). The evidence indicates that in the neoadjuvant setting of TNBC,
intratumoral TILs, as well as stromal ones, are predictive of pathological response to platinum-based
chemotherapy[39]. However, currently, TILs score should not be used to make treatment decisions nor
to escalate or de-escalate. TILs score can be used as a prognostic marker, providing a relative
improvement of 15% to 20% in survival due to a 10% increase in TILs, and its use as a prognostic factor
is supported by the 2019 St. Gallen Consensus[40,41].

Various studies on neoadjuvant and adjuvant therapies have measured TILs both at the intratumoral
and stromal levels[42]. Some studies used immunohistochemistry while others evaluated molecular
markers using immunohistochemistry and gene expression. At present, there is no specific cut-off point
for TILs (+) established[43,44].

Stromal TIL score
A biomarker of interest is the stromal TIL score which is known to be prognostic and predictive in the
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neoadjuvant setting. In the IMpassion130 analysis, the stromal TIL score or CD8+ cell count (T cells) did
not predict the benefit of the use of atezolizumab. It also appears that a dearth of stroma in metastatic
breast cancer samples could contribute to an inability to detect an association between stromal TILs and
the benefit of atezolizumab[45]. Another study that compared the number of TILs in primary and
metastatic tumors showed that TILs decrease in metastasis compared to primary breast tumors[46].

PD-L1
PD-L1, which can be expressed in tumor cells and/or in tumor infiltrating immune cells, contributes to
the inhibition of the antitumor immune response in the tumor microenvironment[47].

TNBC can present a higher expression of PD-L1 (in a range of 21-56%) compared to the other
subtypes, predominantly in inflammatory immune cells and occasionally in neoplastic cells[48].

PD-L1 expression is considered a useful biomarker of response to treatment pf anti-PD-1 or anti-PD-
L1 therapies[49]. PD-L1 expression in immune cells (IC) has been estimated in a range from 40%-65% in
TNBC patients[50,51]. In the IMpassion130 trial, the expression of PD-L1 IC > 1% was used to define
PD-L1 (+)[11].

It has recently been shown that the expression of PD-L1 IC along with TILs influence the prognosis of
TNBC and can predict the response to immunotherapy with pembrolizumab and atezolizumab in breast
cancer[52]. In the KEYNOTE-086 study, TNBC patients with PD-L1 (+) IC and high TILs had a better
response to immunotherapy[53]. Furthermore, an exploratory analysis of the KEYNOTE-173 study
investigating the combination of pembrolizumab and neoadjuvant chemotherapy in TNBC, shows that
high levels of stromal TILs prior to treatment and the expression of PD-L1, reported in a combined
score, were significantly associated with a higher pCR and overall response rates in TNBC patients who
received chemotherapy and immunotherapy combined[54,55].

PD-L1 detection in tumor cells and immune cells (IC) varied by antibody clone and is easily evaluated
using IHC. The most common commercially available monoclonal PD-L1 antibodies for immunohisto-
chemical analysis to assess the expression of PD-L1 are the following: 22C3, 28-8, SP142, SP263 and 73-
10. While many PD-L1 assays are available, only Ventana SP142 and PD-L1 IHC 22C3 pharmDx are
licensed companion diagnostic tests for selecting patients with mTNBC who are candidates for
treatment with atezolizumab and pembrolizumab, respectively[56].

Other emerging biomarkers in TNBC: PD-L1 has been mentioned as a biomarker to select patients to
receive anti-PD1/PD-L1 therapies, being an imperfect marker as has been demonstrated in trials (in
IMpassion031 and KEYNOTE-522 the benefit not confined to PD-L1 group). PD-L1 has some limitations:
the difficult and subjective scoring (tissue types, cell types, antibodies), the expense for 22C3 validation
for independent laboratories, the dependence on immune content of biopsy (number of immune cells),
also it is not considered a great marker in most disease types. There is a great need for better predictive
biomarkers for response to immunotherapy and many of them are under investigation, including: TILs,
genetic signatures, TMB, microsatellite instability [microsatellite instability-high (MSI-H)/mismatch
repair (MMR) deficiency], major histocompatibility complex (MHC) class I and I, etc.

TMB: The mutational burden of the tumor has been correlated with response to immunotherapy in
various types of neoplasms; however, a high mutational burden is rare in breast cancer. In the study
only 3.1% of breast cancers had high TMB (TMB-H) (= 10 mutations/Mb) when compared to 39.7% of
melanomas and 24.3% of lung cancer[25]. TMB could be a potential biomarker in TNBC with TMB-H,
but this could exclude patients that can benefit from immunotherapy[57,58].

TMB has an indication but clinically is not a great marker and is probably mostly driven by MSL

MSI-H or deficient MMR: MSI-H or deficient MMR (dMMR) could be a predictive marker of response
or benefit with anti-PD-1 therapy, taking into consideration that pembrolizumab is FDA approved for
adult and pediatric patients with unresectable or metastatic, MSI-H or dAMMR solid tumors that have
progressed following prior treatment and who have no satisfactory alternative treatment options.
However, MSI is infrequent in TNBC with an approximate frequency of 0.7%-2%[59].

Other potential biomarkers in TNBC: In view of the above, the research of new predictive biomarkers
or risk factors (e.g., LDH levels, visceral liver disease) are underway to identify a group of patients that
could benefit from atezolizumab as monotherapy or in combination, and thus optimize the treatment of
mTNBC[60]. In the KEYNOTE-086 study, it was observed that patients with elevated levels of lactate
dehydrogenase and visceral liver disease had little or no response to immunotherapy. Another study
reports that patients with liver metastases derive limited benefit from immunotherapy independent of
other established biomarkers of response: liver metastases create a systemic immune desert in
preclinical models (apoptosis of CD8 T cells) and reduction of peripheral T cell numbers and diminished
tumoral T cell diversity and function[61].

MHC-I and II are new potential biomarkers under analysis: most tumor cells (including BC) express
MHC-I, whereas MHC-II is expressed by only a fraction of tumor/tumor cells (MHC-II is considered a
professional antigen-presenting cell). A previous trial showed tumors which express high levels of
MHC-I or IT have high counts of CD4 and CD8 T lymphocytes (P < 0.001). Positive expression of MHC-II
in tumor cells is associated with better disease-free survival (DFS) in patients who have lymph node
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metastases (P = 0.009). Also, the expression of MHC-II in tumor cells was associated with an increased
level of TILs[62]. A recent study reported MHC-II predicts early-stage HER2-negative breast cancer
response to immunotherapy + neoadjuvant chemotherapy[63].

In general, the evolution of treatment with immunotherapy can be divided into “three waves”:

The “first wave” includes the use of immunotherapy as monotherapy, which has shown antitumor
activity and modest results in advanced disease.

The “second wave” used immunotherapy in combination with chemotherapy. Cytotoxic therapy can
induce increased antigen release from tumor cells, change in tumor microenvironment, upregulation of
PD-L1 and increased expression of cell surface markers (e.g., MHC I). All of these effects can increase
immunotherapy effectiveness. Despite evaluations of which would be the ideal (safest or most effective)
chemotherapy for combination therapy with immunotherapy, several questions remain. Nab-paclitaxel
was used in the IMpassion130 because it facilitates the reduction of corticosteroid use. However, other
chemotherapy agents have also been evaluated to improve the immunogenicity of breast cancer,
including anthracyclines, taxanes, platinum salts, among others[64].

The TONIC, phase II trial compared the effects of induction chemotherapy associated with immuno-
therapy (nivolumab). Objective response rate (ORR) was 20%, and the highest ORR rates were observed
in the cisplatin (ORR: 23%) and doxorubicin (ORR: 35%) cohorts. Initial and post-induction biopsies
analysis showed an upregulation of immune-related genes in PD-1/PD-L1 and T-cell cytotoxicity in the
cisplatin and doxorubicin cohorts[65].

The lymphocyte depleting effect of combination therapy should also be considered. A comparison of
chemotherapy (capecitabine or paclitaxel) associated with pembrolizumab showed a profound and
significant depletion of T cells (including CD4+ and CD8+). This could explain the decrease in efficacy
of anti-PD-1/PD-L1 in later lines of chemotherapy in TNBC[66].

The “third wave” includes immunotherapy in combination with targeted therapies (as PARP
inhibitors). Currently, a phase II/1III trial (KEYLYNK-009) of olaparib + pembrolizumab compared with
chemotherapy (carboplatin/gemcitabine) + pembrolizumab after initial treatment with chemotherapy +
pembrolizumab in TNBC (n = 932) is ongoing. The aim is evaluating if combination of olaparib and
pembrolizumab is effective and safe. Co-primary endpoints are PFS and OS and results are ongoing[67].

In this setting, the use of antibody-drug conjugates (ADCs) can be included. Sacituzumab govitecan
(anew ADC) is approved by the FDA for treatment of adult patients with mTNBC who received at least
two prior therapies for metastatic disease based in results of ASCENT trial[68].

CONCLUSION

The treatment of TNBC has evolved in the last decade with the application of immunotherapy, which
has become the new standard of treatment and is changing the management paradigm, mainly in
advanced disease, where there were only limited treatment options such as systemic chemotherapy.
Knowledge of the molecular profile of TNBC and immunogenicity has made it possible to identify
characteristics that differentiate them from other subtypes. Likewise, immunotherapy was evaluated
and approved for more TNBC scenarios (metastatic, neoadjuvant).

TNBC is considered a more immunogenic subtype compared to the other subtypes of breast cancer
due to the higher expression of TILs and PD-L1. According to the analysis of IMpassion130, PD-L1 has
been shown to be a discussible predictive biomarker of response in selected patients [subgroup with
PD-L1 (+)]. Other potential biomarkers are under investigation (LDH levels, presence of visceral
disease, TMB, MSI-H) to identify and select patients who may benefit from immunotherapy alone or in
combination in the different scenarios of TNBC.

New advances have been made with immunotherapy in mTNBC. First, progression-free survival
(PFS) and overall survival (OS) benefit have been demonstrated in selected populations (PD-L1 positive
subgroups) with immunotherapy + chemotherapy (nab-paclitaxel) in metastatic stage (mTNBC), locally
advanced or unresectable disease (IMpassion130 trial). Furthermore, the approval of anti-PD-1 also led
to the approval of a companion diagnostic test (Ventana SP142) for selecting patients who are
candidates for atezolizumab. However, the benefit of atezolizumab (PFS and OS) could not be
demonstrated in combination with paclitaxel (study IMpassion 131). The reasons for the divergent
results between IMpassion130 and IMpassion131 trials are currently under investigation. Second, the
KEYNOTE-355 trial results are consistent with Impassion130 trial and pembrolizumab is considered as a
first-line option of treatment in mTNBC. Moreover, there is another companion diagnostic test
approved (PD-L1 IHC 22C3 PharmDx) as an aid to identify patients with TNBC who are candidates for
pembrolizumab.

In the neoadjuvant setting of TNBC, pembrolizumab has achieved the 2 co-primary endpoints
evaluated (KEYNOTE-522): a higher pCR when combined with chemotherapy and a statistically
significant event-free survival (EFS) benefit compared with chemotherapy alone. In the metastatic
setting, benefit has been shown with the use of pembrolizumab + chemotherapy (KEYNOTE-355 study)
as the first-line of treatment in those patients with enriched expression of PD-L1 (CPS = 10).
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Finally, in adjuvant disease, ongoing studies (such as IMpassion030) are evaluating the benefit of
immunotherapy. It should be noted that, for TNBC in early disease, the standard of treatment continues
to be neoadjuvant chemotherapy, as this is considered a systemic disease.

The evolution of immunotherapy in TNBC began with immunotherapy as monotherapy (“first
wave”), followed by combination of immunotherapy + chemotherapy (“second wave”) that is
considered the new standard of care as first line in selected mTNBC PD-L1 (+). Currently, there are
ongoing trials evaluating the combination of immunotherapy (immune checkpoint inhibitors) plus
targeted therapies (as PARP inhibitors) for several cancers including TNBC and the development of
antibody-drug conjugates (as sacituzumab govitecan) which had demonstrated benefit in refractory
mTNBC (“third wave”).
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